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The Effects of Nuclear Radiation on Engineering Materials 
By D. O. LEESER. (From Materials and Methods, U.S.A., Vol. 40, No. 2; August 1954, pp. 109-120, 12 illustrations.) 
In our October issue, we discussed some materials problems in nuclear power reactors. This article deals 


more specifically with the effects of radiation on the physical and mechanical properties of a number of 
engineering materials, metallic and non-metallic. 


THE performance of engineering materials is now being 
judged bya new criterion—resistance to radiation 
damage. In the last few years, industry has taken up the 
study and development of atomic reactors for central 
power stations. It is evident that further peace-time 
uses for nuclear reactors will be found. In these appli- 
cations, conventional properties, such as strength, high 
temperature performance, and corrosion resistance are 
still important. However, complete evaluation of the 
materials must now also include consideration of the 
effects of bombardment by nuclear particles thrown off 
during irradiation processes. 

As in most structures, successful construction of a 
nuclear reactor depends, to a large extent, on the proper 
choice of materials. The reactor, with only the chain- 
reacting fuel, could not be successfully controlled if the 
operating mechanism and auxiliary structures were not 
included in the design. Operating mechanisms, usually 
actuated by controlled servo-devices, include the use of 
materials for gears, bearings, control rods, springs, 
instruments, electrical connectors, etc. The auxiliary 
structures and plant include materials for pressure 
vessels, piping, closures, valves, pumps, welds, and other 
similar equipment. 

There is little doubt that carbon steels, stainless 
steels, and non-ferrous metals and alloys of cobalt and 
nickel will constitute a large portion of the structural 
materials in nuclear power reactors. Consequently, 
it has been deemed essential to carry on a preliminary 
experimental study to ascertain whether the above selected 
materials will perform satisfactorily in radiation service. 

The information in this article is drawn from the 
results of these preliminary studies. No attempt has 
been made to draw any specific conclusions from the 
data presented. They are merely indications and must 
be treated as such. 


MECHANISM OF RADIATION DAMAGE 


The mechanism of radiation damage is highly 
complicated. The exact nature of organic-chemical 
changes due to radiation damage, such as those found in 
synthetic plastics, has not been analysed completely. 
Here, the damage due to the initial displacement of 
atoms is masked by damage due to ionisation and 
excitation processes. 

Radiation damage in metals has been interpreted as 
similar to the effects of cold work, with two important 
exceptions: (1) The effect is applied on a microscopic or 
extremely localised scale; and (2) the effect is non- 
directional. However, recent investigations have 
challenged the analogy, and the mechanism of radiation 
hardening is explained as not having a direct corres- 
pondence with cold work, but being somewhat more 
analogous to solid-solution hardening. Whatever the 
interpretation, the fact remains that, in their traverse 
through materials, nuclear particles may cause mechani- 
cal and physical changes. These changes, known as radia- 
tion damage, may be large when compared with the 
small amount of energy required to produce the damage. 
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EFFECTS OF RADIATION ON MECHANICAL PROPERTIES 


Hardness :— 

From the data on carbon and stainless steels, it is 
apparent that :— 

(1) Steels in the soft condition show greater hardening 
due to irradiation than do harder materials. 

(2) Radiation damage is not a direct function of carbon 
content. 

(3) The effects of irradiation are preserved at room 
temperatures. 

(4) The effects of irradiation proceed at a decreasing 
rate and probably approach a limit well below the 
fully embrittled condition. 

An indication that irradiation effects approach a 
saturation level is illustrated below; it is significant 
that the hardness of similar materials in three conditions 
of heat treatment are within five points Rockwell C after 
irradiation. 





Rockwell C Hardness 





Material Pre- Post- 


irradiation irradiation 





Armco 17-4 PH 33-35 48-52 
Armco 17-4 PH 43-44 44-48 
Armco 17-7 PH 50-51 48-50 





All the nickel alloys show an increase in hardness. 
However, as in the case of the other materials, the 
amount of increase is governed by the ambient tem- 
peratures, i.e., the higher the ambient temperature the 
lower the increase in hardness. Hardness changes on 
tungsten and a tantalum-tungsten alloy are insignificant. 
Tantalum hardness increases about 20 points Brinell. 


Tensile strength:— 

Investigations of the effect of reactor irradiation on 
the tensile properties of stainless steels, nickel-base 
alloys, and high-density materials show that the effects of 
radiation damage on tensile properties can be annealed 
out by high ambient temperatures. 

Where the temperature is above 500 F, there is a 
slight increase in yield and ultimate strengths and a 
slight decrease in ductility. However, in the case of age- 
hardening alloys, the effect of irradiation may be over- 
shadowed by the effect of temperature ageing. At lower 
temperatures, between 70 and 140° F, the tensile 
strengths increase as much as 13% and the ductility, as 
expressed by per cent elongation, decreases as much as 
50%. In other words, those samples which are irradiated 
at elevated temperatures show less effect than those 
irradiated at essentially room temperature. 

The tensile strengths of high-density materials 
increase from 20 to 25%. The ductility, as expressed by 
per cent elongation, does not change for tungsten but 
decreases 20 to 50% for tantalum and a tantalum- 
tungsten alloy. 
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The degree of change is also related to the original 
condition, or to the hardness, of the material rather than 
to the chemical analysis. The damage appears less 
pronounced on hardened metals than on metals in the 
annealed condition. 


Impact strength:— 

In the case of two boiler steels of similar chemical 
composition, the effects of irradiation were found to be 
similar, i.e., an increase in ductile-brittle transition tem- 
perature, and a decrease, under ductile conditions, in 
maximum_-energy fracture values. Transition tem- 
peratures were raised by from 115 to 170° F when the 
exposure was to high flux and low temperature, and 
raised by only 35 to 45° F when the exposure was to 
low flux and high temperature. 

Irradiation effects were not as pronounced (20° F 
increase) on aluminium-killed materials, since the finer 
grain size imparted by the added aluminium tends to 
promote lower transition temperatures. 

Judging from the data at present available, the effects 
of irradiation on the impact strengths of materials are 
cause for interest to the designer and metallurgist. The 
changes must be allowed for in design and in material 
selection and treatment. 


Fatigue strength:— 

No significant changes due to irradiation are evident 
from the comparison of fatigue curves of stainless steel 
type 304, of Grade I crystalbar zirconium, and of a 
double-melted 234% tin-zirconium alloy exposed at 
140 and 540° F. 


EFFECTS OF IRRADIATION ON PHYSICAL PROPERTIES 
Density and dimensional stability :— 

Most density changes on common materials fall 
within the 0:05% limit of experimental accuracy. 
However, stainless steels and nickel-base alloys have 
been shown to decrease 0:06%, and cobalt-base alloys 
have been shown to increase 0:09% in density. No sig- 
nificant changes are noted for plain carbon steels 
irradiated simultaneously. 

Large density changes have been confined to sintered 
materials. Tungsten carbides and tantalum carbides 
with a cobalt binder show density decreases from 0:3 to 
0-6% without any correlation to the slight dimensional 
changes. Titanium carbide with a nickel binder in- 
creases in length and decreases in width by small per- 
centages, while the density decreases from 0-3 to 0:6%. 

Tantalum and tungsten densities decrease 0-10 to 
0-15%, and a tantalum-tungsten alloy decreases in 
density from 0-20 to 0:25%,. 


Magnetic susceptibility :— 

Irradiation probably causes some phase transforma- 
tion from austenitic to ferritic iron. However, it is felt 
that the amount transformed is not of significant magni- 
tude to show an appreciable increase in corrosion sus- 
ceptibility of the more common types of stainless steel. 

The austenitic stainless steels are only slightly 
magnetic before irradiation and the increases are re- 
latively large. Nevertheless, the total magnetism 
attained is still relatively insignificant. Type 309 
(25% Cr, 12% Ni) material is less affected, as the 
austenite in this type is inherently more stable than in 
the 18:8 types. 

The ferritic and precipitation-hardening alloys 
display higher initial values with relatively smaller in- 
creases due to irradiation. Type 446 stainless steel shows 
a decrease in magnetic susceptibility after irradiation. 


Electrical resistivity:— 

Electrical resistivity changes in stainless steels and 
nickel-base alloys are low when exposed at 500° F, and 
are not greater than 5%. Electrical resistivity measure- 
ments remain fairly constant for tantalum and a tanta- 
lum-tungsten alloy, but increase by 40% for tungsten. 
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EFFECTS OF RADIATION ON NON-METALLIC MATERIALS 
Elastomers :— 

The known effect of irradiation on natural and 
synthetic rubbers tested has been confined to weight 
losses ; there have been no apparent effects on elasticity 
or colour. However, these results are from samples 
irradiated for only short periods. Data on the effect of 
extended exposures are not at present available. 


Electrical Insulators :— 

Specimens of alumina, zircon, beryllia, siliminite, 
mica, magnesia, and quartz have been irradiated. There 
is an indication that some colour changes occur, together 
with a decrease in electrical resistivity. There is some 
indication that the phenomena are confined to the sur- 
face. Of particular significance is the fact that post- 
irradiation anneals have restored much of the original 
colour and electrical resistivity to many of the materials. 
In most cases, the dielectric strength decreases. Di- 
mensional changes are within the accuracy of measure- 
ment. 


Plastics :— 

Plastics can be used under irradiation for applica- 
tions where the total irradiation is limited. In high- 
intensity radiation zones the service lifetime of plastics 
is sacrificed, while under low-intensity radiation the 
service is prolonged. Properties show changes due to a 
degradation of the molecular structure under irradiation 
until the plastic crumbles. Some plastic materials evolve 
gaseous-decomposition products, and some absorb 
oxygen or water vapour. Various types blister and swell, 
some deteriorate and chip, while others merely shrink. 
As a rule, there are no pronounced changes in volume 
resistivity, dielectric strength, or arc resistance until the 
mechanical properties deteriorate completely. 

Oils :— 

In order to serve the purpose of an efficient lubricant, 
the viscosity of an oil must remain constant at the level 
selected for the job. Tests to-date on lubricating oils 
indicate that they are limited to use in protected spaces. 
Some oils dissociate into gases and liquids, while others 
dissociate into gases and gels. The major changes in 
physical properties of oils during radiation include 
changes in colour, viscosity, and index of refraction. 
In all cases the changes in viscosity and index of 
refraction are proportional to the duration and intensity 
of bombardment. Two questions are yet to be explained 
concerning the effect of irradiation on oils: (1) The 
effects of oxygen and other gascs in radiation damage ; 
and (2) why some organic materials appear more re- 
sistant than others. 


NEUTRON ABSORPTION 


Tests have been carried out on magnesium, alu- 
minium, stainless steel, and zirconium, which are some 
structural materials which have been or could be used in 
nuclear reactors. Results show that, in the case of 
pipes of equal strength and identical internal diameters, 
zirconium shows marked superiority insofar as relative 
neutron absorption is concerned. Magnesium and 
aluminium, although better than stainless steel in this 
respect, are ruled out for nuclear reactors because of 
corrosion difficulties and their low melting points. 

Steel and zirconium are the likely prospects for the 
construction of pipes and supports for the internal parts 
of an elevated-temperature reactor. Since steel imposes 
a severe penalty on the reactor operation because of its 
large parasitic capture of neutrons, it is not surprising 
that a large amount of effort has been expended in ob- 
taining and learning how to use purified zirconium 
metal. Unfortunately, zirconium occurs with hafnium, 
from which it can be separated only with extraordinary 
difficulty. The natural zirconium-hafnium mixture is no 
improvement over steel with regard to neutron ab- 
sorption. 
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The Evaporation Velocity of Single Droplets of Liquids 


By K. KosayasiI. (From The Technology Reports of the Téhoku University, Vol. 18, No. 2, 1954, pp. 209-222, 
24 illustrations.) 
The evaporation of liquid droplets is of importance for spray driers in chemical industries, fuel sprays 
from carburetters, and water injection into steam. Furthermore, it closely concerns combustion in diesel 
engines and in gas turbines, because evaporation occurs near the surface of droplets during the com- 
bustion of liquid fuels. 


ANALYSES of the evaporation of single droplets of liquid 
have been undertaken by a number of investigators!-®. 
Some years ago, the author’ analysed theoretically the 
evaporation velocity of a liquid droplet in a high- 
temperature gas. According to the results, the time 
7) required from the injection to the disappearance of 
the droplet was expressed by 


Dy 





Tj 7h = i E) oe (1) 


where ft, is the heating period in the first stage, t, the 
evaporation period in the succeeding stage, D, the 
initial diameter of the droplet, « the thermal diffusivity 
of the liquid, and E, and E£, are calculable constants. 
Moreover, the results showed that the derivative of the 
square of the diameter of the droplet with respect to 
time has a constant value, represented by the following 
equation :— 

d D? 4k 

oe —- ——= const. .. wa (2) 


= ry r, Koy 
exp | — »,? =| 
s=1 Ys" (Ar/Ag) — (1 — A, /Ad) ay” 


s=0 v2 Koy 
> exp | — v2 =| 
s=o Ys" (Ay/Ag) — (1 — A,y/Az) ay” 


In this equation, L = 7 heat of evaporation ; 
C, = specific heat of liquid ; = temperature of gas ; 
6, surface temperature of i em - droplet ; 
\, = thermal conductivity of liquid ; = thermal con- 
ductivity of gas ; a) = initial so Be of droplet ; and 
v, = eigenvalues. 

In this paper, an attempt has been made to check the 
theoretical results experimentally and to find the eva- 
poration velocity of those liquids which possibly cannot 
be evaluated by the equations owing to their unknown 
or unreliable physical properties. The evaporation of 
twelve pure liquids, five blends, and petroleum products, 
ie., water, methyl alcohol, ethyl alcohol, benzene, tolu- 
ene, nitrobenzene, cyclohexane, n-hexane, n-heptane, 
iso-octane, cetane, %-methylnaphthalene, water/methyl 
alcohol blend, motor gasoline, kerosene, light diesel oil, 
and heavy oil was studied. 

The surface temperature 0, of the evaporating drop- 
let is an unknown factor in the computation of the 
evaporation velocity by eq. (2). It has been treated as 
being nearly equal to the boiling point, when the tem- 
perature of the surrounding gas was very high ; however, 
the assumption includes a doubtful point and obviously 
becomes unsatisfactory with decreasing gas temperature. 
Consequently, prior to experiments on evaporation 
velocity, the surface temperatures of droplets were 
measured, eliminating the effect of the thermal con- 
duction from the thermocouple by extrapolation of the 
relation between the apparent surface temperature and 
the length of the thermocouple, which consisted of a 
fine copper-constantan wire, with a droplet of from 1 to 
2 mm in diameter on its one junction, and with a 
cooling jacket around the other junction kept at the 
same temperature as the droplet surface. 
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EXPERIMENTAL PROCEDURE. 

The apparatus used to determine the evaporation 
velocity of a droplet is shown in Fig. 1. The liquid 
droplet (1) of from 0°7 to 1-7 mm in diameter is sus- 
pended from a quartz fibre 0-1 to 0°2 mm in diameter. 
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Fig. 1. Schematic layout of experimental apparatus. 


The electric furnace (2) on rails can be moved so as to 
cover the suspended droplet entirely. The moment 
when the droplet enters the furnace is indicated by the 
closing of the electrical contacts (3) and the lighting of 
the lamp (4) connected in series. The behaviour of the 
evaporating droplet in the furnace is recorded on 
motion pictures as shadowgraphs by the light source 
(6), the liquid filter (7), the telephoto lens (8), and the 
16-mm camera (9), through the quartz windows (5) in 
the side walls of the furnace. The temperature, mea- 
sured by the thermocouple (10), of which the hot 
junction is situated near the droplet when it enters the 
furnace, is taken as the temperature of the air in the 
furnace. The recorded sizes of the droplet on the motion 
pictures are measured with a travelling microscope. 

The effect of elliptical deformation of the droplet 
when it diminished in size, was compensated by equating 
volumes, instead of surfaces, the former being found to 
be sufficiently accurate for the purpose. 

EXPERIMENTAL RESULTS 
(1) PURE LIQUIDS. 
(a) Law of evaporation of droplet :— 

The plot of the square of the diameter D of a droplet, 
measured from a series of motion pictures, with respect 
to time t, produces a typical curve similar to those in 
Fig. 2, which show the effect of the initial diameter of 
droplets of water. The same characteristics can be 
deduced from eqs. (1) and (2). The change in evaporation 
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0 10 20 50 40 50 60 
t [seconds] 


Fig. 2. Effect of the initial diameter of droplets of water 
on evaporation velocity. 


velocity of a droplet can therefore be represented con- 
veniently by the inclination of the straight-line portion 
of the plot, as indicated previously by the author’. Thus, 
d D? 
—— Gi< as he ye (3) 
dt 
where the slope C, may be termed the “ coefficient of 
evaporation velocity ’’, which is governed by the type of 
liquid and the temperature and the pressure of the 
surrounding gases. 

Fig. 2 shows that the values of C,, are independent of 
the initial diameters of droplets, when the temperature 
of the ambient air is constant. Consequently, it can be 
seen that the relation between the initial diameter D, 
and the life 7, of a droplet is represented by 

7,/D,? = constant .. ae ae (4) 
which is similar to eq. (1). 
(b) Effect of temperature on ambient air :— 

Fig. 3 is an example (ethyl alcohol) in which the 
slopes of the straight-line portions increase with in- 
creasing air temperature. The relation between C, 
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Fig. 3. Effect of ambient air temperature on evaporation 
velocity of ethyl alcohol. 
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Fig. 4. Evaporation of droplet of a blend of water and 
methyl alcohol. 
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and the difference between the temperature of the 
ambient air and that at the surface of a droplet (0, — 9.) 
is shown theoretically in eq. (2), and the results in Fig. 3 
satisfy a similar relation. The first heating period 1, is of 
little importance in this measurement because of its 
extremely short duration in the case of alcohols. 

(c) Comparison of evaporation velocity for different 

liquids :— 

If the temperature of the ambient air is constant, the 
values of the coefficient of evaporation velocity are 
determined by the types of liquids. A comparison of 
these at the same air temperature 6, = 500° C shows, for 
instance, that cetane, «-methylnaphthalene, and nitro- 
benzene, each of which has a higher boiling point, 
increase their volume by thermal expansion during their 
longer heating periods, but that cetane evaporates with a 
higher velocity than alcohols or benzene, once steady 
evaporation commences. Iso-octane also has a higher 
evaporation velocity. 

(2) BLENDS AND PETROLEUM FUELS. 
(a) Blends of two pure liquids :— 

If a blend of two pure liquids is not an azeotrope, the 
plot has a kink, as illustrated in Fig. 4, which shows the 
case of a blend of water and methyl alcohol (one part to 
two by volume). At the beginning, the lines have an 
intermediate value between the individual values for 
water and methyl alcohol but, after the kink, correspond 
to that of water only. Thus, the water and methyl 
alcohol evaporate together until the kink is reached, at 
which point no more methyl alcohol remains in the 
droplet and only the residual water evaporates thereafter. 
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Fig. 5. Evaporation of a droplet of light diesel oil (S.G. at 
20° C = 0-828). 
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Fig. 6. Evaporation of a droplet of heavy oil (S.G. at 20° C - 
0-918) with cracking. 
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Fig. 7. Evaporation of a droplet of motor gasoline (S.G. at 
20° C = 0-742). 


(b) Petroleum fuels :— 

From the foregoing, it may be supposed that petrol- 
eum fuels with certain ranges of distillation will indicate 
shallow concave curves when D?® is plotted against 1. 
Fig. 5 shows such curves for light diesel oil, but, as the 
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Fig. 8. Coefficients of evaporation velocity. 
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relation of eq. (3) is satisfied, it may be possible to ex- 
press the mean cofficient of evaporation velocity C, by 
the slope of a straight line connecting the initial point 
with the final point. 

A case of heavy oil in air at higher temperature is 
shown in Fig. 6, in which, as the residual viscous oil after 
an evaporation similar to that of the light oil is heated up, 
the apparent diameter of the droplet again increases by 
frothing due to internal vaporisation and cracking, and 
finally a porous carbon core remains. 

The plot of the evaporation of motor gasoline shown 
in Fig. 7 gives approximately straight lines. This fact 
may be considered as indicating that the motor gasoline 
used is either nearly an azeotrope or has only a narrow 
range of distillation. 

(3) Coefficient of evaporation velocity for various liquids :— 

The coefficients of evaporation velocity for various 
liquids were measured by means of motion pictures and 
the relations between air temperature and the coefficient 
for each liquid determined, as shown in Fig. 8. 

Comparison of the coefficients of evaporation 
velocity, calculated from eq. (2), with the measured 
results is shown in Fig. 9 for water, methyl alcohol, and 
benzene, which have well known physical properties. 
In the figure, the solid and the dotted curves represent 
the theoretical values calculated by assuming measured 
and boiling temperatures respectively, as the surface 
temperature. The former show better agreement with 
test results, even in the low-temperature range of air. 
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Fig. 9. Comparison of measured and theoretical coefficients 
of evaporation velocity for various liquids. 

The semi-logarithmic scale is used in Fig. 9 for 
higher accuracy of the coefficient of evaporation velocity 
C, at lower air temperatures, but in the common scale 
the curves become almost straight lines at an air- 
temperature of 9, >400~500° C, and shallow concave 
curves approaching zero at 0,<400~500° C. 
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Effects of Surface Treatment on the Strength and Endurance 
of Steels 


The strength of machine components can be greatly increased by hardening the surface layer or by 


introducing favourable (usually compressive) stresses. 


may be extremely complicated. 


In practice, the application of such procedures 


The following is a summary of work in Russia on this subject and is compiled Srom six different Russian 
articles. Full references to these are given at the end of this survey. 


DIRECTIONAL strain hardening is the result of cold work 
which takes place in mono-axial plastic deformation of 
the metal, such as under tension or flexure. As a result 
of this treatment, the resistance of the material to failure 
is increased in the same direction as the load which 
caused the plastic deformation. 

In tests under static load, strain hardening was 
carried out by deformation in tension. Flat test bars of 
20 x 6-5-mm cross-section were subjected to a stretching 
process to the limit before failure. Small cylindrical 
samples (3-mm diameter) were cut from the middle 
(working) portion of the test bars and were subsequently 
tested in a tensile-test machine. Similar cylindrical sam- 
ples were prepared from the unstretched portion of the ori- 
ginal test bars and also tested for purposes of comparison. 

The degree of strain hardening depends on the 
initial tensile strength of the steel. The coefficient which 
measures the increase in tensile strength as a result of 
stretching rises from 1:06 to 2-03, when the initial 
ultimate tensile strength falls from 140 kg/mm? to 
56 kg/mm?. Simultaneously, the mean elongation, which 
varies greatly according to the tensile strength in steels 
not subjected to cold work, settles down to an almost 
constant value after stretching, irrespective of the initial 
hardness of the material. The impact strength, however, 
which in the undeformed material first rises to a maxi- 
mum at an ultimate tensile strength of 110 kg/mm? and 
then falls again, maintains the same trend in cold- 
worked samples. Whatever the condition of the unde- 
formed material may be, a marginal drop in impact 
strength occurs after stretching. 


15 - 
Pe 
2 


Oo — 


eee ee bin 











| 
re a a eg | 
| | 











al. | | 
29 3I- 33 35 37 
BRINELL INDENTATION DIAMETER, mm 

Fig. 1. Impact strength before and after deformation. 





STRAIN-HARDENING COEFFICIENT 


The main object of one author’s work! is shown in 
Fig. 1, where the strain-hardening coefficient is plotted 
against the Brinell indentation diameter of the material 
before the stretching operation. Curve 1 is an indication 
of the impact strength of the material without stretch, 
curve 2 indicates the impact strength after deformation, 
when the directions of the stress in the deformation and 
the subsequent strength tests coincide, while curve 3 
indicates the impact strength in the direction transverse 
to that of the deformation. 

The effect of plastic deformation on endurance 
strength under reversing stress was tested for bending 
deformation and load. Fig. 2 shows SN-curves for 
spring steel. Curve 1 applies to steel without deforma- 
tion, curve 2 applies to samples subjected to prior plastic 
bending deformation in both senses, and curve 3 to 
samples subjected to plastic bending in one sense only. 
The same steel shows a sharply reduced endurance limit 
when the direction of the stress in the subsequent fatigue 
test is transverse to that in the plastic deformation. 
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Fig. 2. SN-curves before and after deformation. 


It can thus be seen that components with a predomi- 
nant direction of loading can be strengthened against 
static, impact, and reversing loads by a plastic deforma- 
tion in the direction of the subsequent load. Comparison 
with previous work shows that this strengthening is of 
the same order as that obtained by shot peening. 

x * x 


The effect of high-frequency induction hardening on 
the endurance limit of 0-5 carbon steel was tested? on 
samples with a diameter of the working part of 20 mm, 
provided in the middle of the test length with a circular 
notch of 0-8 mm depth and 0:3 mm bottom radius, to 
produce a standard stress concentration. 

The inductor used in these tests is shown diagram- 
matically in Fig. 3. It is provided with a system of jets 
for feeding the quenching fluid. Uniformity of the 





Fig. 3. Inductor for simultaneous quenching of fatigue- 
test specimens. 

(1) and (2) Separate inductor halves ; (3) dowel; (4) and (5)water 

inlet and outlet; (6) inductor coil. 
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Fig. 4. Cross-sections of inductor coils © 10 
for producing uniform case depth. 3 
« 

. - 
hardened case around the circum- “ 
ference of the sample was achieved § 
by rotating the sample in the in- & 20 

= 


ductor. To obtain uniformity along 
the sample, the inductor coil had to 
be given a special shape. A uniform 
clearance between the coil and the 
sample produces a non-uniform ‘5 
depth of case and the cross-section of 

the inductor which yielded a uniform 

case depth is shown in Fig. 4a, when 

using an electro-mechanical high- 
frequency generator. With an elec- 10 
tronic generator of still higher fre- 
quency, an inductor coil such as that 0 5 
shown in Fig. 4b was necessary to 
obtain uniformity of case depth along 
the sample. 

Samples subjected to various treatments were 
tested on a rotating beam machine producing a reversing 
bending load. Normalised samples had an endurance 
limit of 12 kg/mm?*. Hardened and tempered samples 
had an endurance limit of 14 kg/mm’, while samples 
quenched right through after heating in a gas furnace 
had an endurance limit of 31 kg/mm 

Much higher values of endurance limit could be 
obtained by high-frequency induction heating. Under 
various conditions of operation, characterised by the 
specific heat input (measured in kW/cm? of surface area) 
and by the heating time (measured in seconds), values 
ranging between 57 and 82 kg/mm? were obtained with 
an electro-mechanical generator. The lower endurance 
limit resulted from high specific heat input (about 
l kW /cm?) and a short heating time (about 2:5 sec). 
This gives a low penetration, i.e., a case depth of 1-4 mm 
and a transition layer of 1-6 mm. The highest endurance 
limit was the result of a low specific heat input of 
0:3 kW/cm?, and a heating period of 12 sec, during 
which the sample was hardened throughout. 

In working with an electronic high-frequency 
generator, a rather lower specific-heat input with longer 
heating times is desirable. The value of the endurance 
limit obtainable in this manner is even greater, 
ranging from 69 kg/mm? at 0-11 kW/cm®? and a heating 
time of 21 sec, up to 83 kg/mm? at 0-22 kW/cm? and a 
heating time of 17 sec. It is interesting to note that these 
high values of endurance limit were obtained without 
deep penetration of the case. In fact, the highest en- 
durance limit was obtained with a case depth of only 
1-5 mm and a depth of the transition layer of 3-7 mm. 

It is clear from these tests that the beneficial effect of 
high-frequency induction heating on endurance limit 
must be explained, not only by the strengthening effect 
of the case, but also by the favourable distribution of 
residual stresses in the sample. Clearly, these are subject 
to a variety of factors, such as the relation between the 
depths of the case, of the transition layer, and the time 
history of the quenching process. 

* * * 
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Fig. 5. Effect of shot-peening on limited life under repeated impact. 


The effect of high-frequency induction hardening 
on the torsional strength of splined shafts* was investi- 
gated. Samples of carbon steel, 28 and 32 mm o.d. 
respectively, and of about 230 and 150 Brinell, with 
straight-flanked splines and various profiles at the 
bottom of the spline groove, were tested in static torsion. 

These tests showed that the proportional limit and 
yield strength of a sample with 6 splines reach about 
55% of those of a solid shaft, whilst the failing torque of 
the splined shaft is about 75% of that of the plain shaft. 

High-frequency induction hardening, which produces 
case depths of about 5 mm in the splines and about 1-5 
mm in the grooves, increases the yield strength of the 
softer steel by about 80% and of the harder steel by 
about 40%. The failing torque remains almost un- 
changed for the softer steel, and is even reduced by about 
15% in the case of the harder steel. 

* * *x 


The effect of shot-peening on the endurance strength 
of steel under repeated impact has not received as much 
attention previously as the effect of a high number of 
stress reversals. Samples in carbon- and nickel-chrome- 
molybdenum steels were tested under impact loads 
ranging up to 50,000 repetitions’. In this range, the 
average life of components is the best measure of their 
endurance limit and was defined as the mean life of 
about 4 samples under repeated impact with a given 
energy. 

Statistical analysis of the experimental results of 
component life has shown that scatter, with careful 
preparation of samples and a sufficient number of tests, 
does not exceed the scatter observed in tests of any other 
mechanical property of materials. It is interesting to note 
that the relation between impact strength and life can be 
represented fairly accurately by an exponential function, 
as shown in Fig. 5 in chain-dotted lines. 

This figure shows curves of impact strength in kg cm 
plotted against life in thousands of impacts for untreated 
specimens (curve 1); curve 2 refers to a low shot 
velocity and a treatment time of 1 min, while curves 3 
and 4 refer to a high shot velocity and treatment times 
of 1 and 2 minutes. The graph also shows that the 
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strength of the untreated alloy steel under repeated 
impact differs remarkably little from that of the carbon 
steel. However, shot-peening increases the life of the 
alloy steel much more effectively. The author has also 
established that the effectiveness of shot-peening greatly 
depends on prior heat treatment. Normalised and highly 
tempered steels are not affected by shot-peening to the 
same extent as hardened steels. 

As the load increases (higher impact energy), not 
only the absolute but also the relative improvement in 
the life of shot-peened samples is reduced. It is con- 
cluded, therefore, that very short lives (below about 
15,000 load repetitions) are not affected by shot-peening. 

The improvement in service life rises with an in- 
crease in shot-peening period up to 2:5 minutes and also 
with increasing shot velocity. The limit of effectiveness 
of shot velocity was not reached in these tests. 

A number of samples was heated to various tem- 
peratures before the impact test. The conclusion from 
these tests is that heating up to a temperature of 200° C 
has no influence, and even temperatures as high as 
400° C still do not destroy the overall improvement 
produced by shot-peening. 

Samples tested at sub-zero temperatures (—60° C) 
show that service life under repeated impact is reduced 
at sub-zero temperatures for both untreated and shot- 
peened components. The percentage by which shot- 
peening increases service life is about the same at room 
and at sub-zero temperatures. 

On the other hand, whilst at low numbers of impact 
repetitions, and in particular under single impact, shot- 
peening leads to a marginal improvement at room tem- 
peratures, it is ineffective and even detrimental at sub- 
zero temperatures. 

Surface roughness is increased by shot-peening, and 
it is often necessary to regrind shot-peened surfaces. 
Tests were carried out on samples reground after shot- 
peening to a depth of up to 0:08 mm. Although the tests 
were limited to a single value of impact energy, they 
showed a consistent improvement in service life after 
regrinding of both carbon- and alloy-steel samples. 


* * * 


Tests were carried out on the effect of heat treatment 
and hot working on the endurance strength of austenitic 
steels®. The two steel specifications tested had approxi- 
mately the same alloy content, i.e., about 14% Cr, 

4% Ni, 24% W, and 0-4% Mo. However, one type was 
a low-carbon steel (0-13%) and the other a medium- 
carbon steel (0:47%). 

The main object of these tests was to establish the 
effect of ageing treatment and plastic deformation on 
endurance strength under reversing loads, and the de- 
pendence of this effect on the stability of the grain 
structure. The samples tested were round bars and the 
equipment used imposed symmetrical bending of a 
non-rotating sample mounted as a cantilever. The 
test frequency was 3000 cycles per minute and tests were 
continued to 100-million load reversals. At elevated 
temperatures, austenitic steels do not possess a genuine 
endurance limit and the nominal endurance strength was 
defined as the stress sustained for 100 million load re- 
versals. Both plain and notched specimens were tested. 

The conclusions from these tests were as follows :— 


(1) With a low number of load reversals, the fatigue 
strength of high-carbon steel is above that of low- 
carbon steel, both in the quenched condition. As 
the number of reversals increases, the difference 
becomes smaller and vanishes at 100 million re- 
versals, particularly in the presence of a stress 
concentration. 

(2) Ageing after quenching can reduce the fatigue 
strength of low-carbon steel only. At an ageing 
temperature of 600° C, fatigue strength is reduced 
by 16%. 

(3) In high-carbon steel, the same ageing treatment 
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increases fatigue strength in the presence of stress 
concentrations, but reduces the fatigue strength of 
plain specimens. The latter effect is associated with 
changes in grain structure taking place at the grain 
boundaries. 

(4) Plastic deformation under heat permits a substantial 
increase in the fatigue strength of low-carbon steel. 
The most favourable results are obtained in the 
stretching of samples up to a residual elongation of 
13% at a temperature of 600° C. This increases the 
endurance limit of notched specimens by about 40%. 

(5) In high-carbon steels, plastic deformation under 
heat, as well as heat treatment alone, increase the 
fatigue strength only in the presence of stress 
concentrations ; however, without stress raisers 
fatigue strength is actually reduced. 

It follows that changes in grain structure which take 
place under load at high temperatures and under the 
influence of reversing loads can actually lead to a re- 
duction in the fatigue strength of steel. For this reason, 
the steels with better stability of grain structure are more 
reliable in operation under the above conditions. 

*x * * 


It is known that the metal cutting process produces 
residual stresses at and near the machined surface of the 
component. By choosing appropriate cutting conditions, 
it is possible to influence the type and magnitude of 
residual stresses ; this will decrease those stresses un- 
favourable to endurance strength and will even produce 
residual stresses (mainly compressive) which increase 
the endurance of the component. Tests were carried out 
on the effect of machining conditions on residual stresses 
and surface finish*®, using low-carbon alloy or 
carbon steels. The samples used were split rings of 
76-mm diameter and 10-mm wall thickness. The 
deformation of the surface layer was measured in terms 
of the micro-hardness variation in a cut inclined to the 
machined surface at an angle of 2 deg. Residual stresses 
were determined by a method specially applicable to split 
rings, involving the measurement of ring deformation 
at various stages of removal of layers of the machined 
surface. This removal was carried out by electro- 
polishing. 

The machining operation investigated was the boring 
of the internal surface of the ring at a feed of 0-1 mm/rev, 
a depth of cut of 1 mm, and a radius of the cutting edge of 
15 microns. The range of cutting speed was wide, be- 
tween 5 and 500 m/min. 

The conclusions derived from these tests are :— 


(1) In finish-machining of constructional steels, high 
cutting speeds ensure not only high productivity but 
also good surface finish. 

(2) In the finish-machining of alloy steel, the optimum 
cutting speed is between 200 and 300 m/min. This 
leads to favourable compressive surface stresses of 
about 50 kg/mm? and a good surface finish. 

(3) In finish-machining of low-carbon steel, the opti- 
mum cutting speed is above 500 m/min, giving a 
desirable combination of surface properties. 
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Investigation of Surface Tension in Metal-Bonding Processes 


By R. L. Rosano and G. DigHL. (From La Recherche Aéronautique, No. 40, July/August, 1954, pp. 41-49, 
15 illustrations.) 


BONDING processes offer many advantages over con- 
ventional methods of assembly in aircraft construction, 
i.e., welding or riveting. They ensure uniform stress 
distribution over the entire surface of the joints, the 
external surface smoothness is unimpaired, weight is 
reduced, thermal and electrical insulation is excellent, 
and the cost is fairly low, owing to the simple and rapid 
procedures used, which, among other advantages, 
eliminate drilling operations. 

However, bonding has hitherto been studied only 
from the technological point of view. Its physical and 
chemical aspects have been neglected, in spite of the 
wide fields in which bonding processes are employed. 

The present article summarises three investigations 
on metal-to-metal bonding, viz. : (1) The influence of 
surface treatment on adhesion, (2) the development of 
the technique of surface-tension measurements for lap 
joints, and (3) the use of a dope for increasing the 
adhesive strength of plastic materials applied to metals. 


INFLUENCE OF SURFACE TREATMENT ON ADHESION 


If a very thin rectangular blade of unpolished metal 
is immersed in water and then gradually drawn out 
vertically upwards, a meniscus is formed over the upper 
edge of the blade as soon as this edge reaches the un- 
disturbed surface level of the water. This meniscus 
alters its shape as the blade is raised and gradually 
becomes steeper. The vertical force of the water clinging 
to the blade can be measured throughout this test and 
is the resultant of the surface tensions exerted on the 
blade perimeter P, the latter being equal to twice the 
blade width for an extremely thin blade. The retaining 
force has a value given by 

f= Py cos a; 
where a is the “angle of contact” (i.e., the angle 
between the tangent of the meniscus at the blade bound- 
ary and the vertical). When the blade emerges from the 
surface of the water, angle ~ is 90 deg., and cos x = 0, 
but the angle gradually decreases and the force exerted 
by the water begins to increase as the blade is raised. 

At a certain height (3-8 mm for water at 20° C), the 
angle ~ becomes equal to zero. If the blade is raised to a 
height beyond this point, the meniscus will still contact 
it at a zero angle relative to the vertical and, moreoever, 
it will not change either its shape or its height above the 
normal surface of the water. The protruding portion of 
the blade is covered with a thin film of water which 
extends down to the meniscus as the blade is raised 
further upwards. As the meniscus is not altered, the 
force of attraction f will also remain constant. The work 
performed by the operator at this stage serves only to 
increase the free wetted surface of the blade. 

When the blade is raised through a small distance 
dh above the meniscus, its free surface, wetted by a thin 
film of water, is then increased by 


dS = P dh. 


If y is the work required to increase the free blade 
surface by 1 cm?, the work W supplied for an increase 
of area dS is 

dW = fdh = yPdh 
so that y = f/P. 

The conditions are different in the case of an im- 
perfectly wettable specimen, e.g., a very thin blade of 
Perspex. When the blade first emerges, a meniscus is 
formed over its upper edge. On raising the blade further, 
however, the upper portion of the blade emerges dry 
from the water. The meniscus adjusts itself at a lower 
level, and its angle of contact with the blade is no longer 
zero but has a value 6. The retaining force, which 
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increased during the initial stage, as long as the meniscus 
covered the top of the blade, attains a constant value /’. 

In this second stage of the test, the operator provides 
work to increase the dry portion by a height dh. This 
work does not alter the meniscus or increase the 
area of the liquid film, as in the previous case, but 
serves Only to remove the wet film from the blade. If y’ 
denotes the work required to increase the unwetted 
area by 1 cm’, under reversible isothermal conditions, 
then, to obtain an increase dh of the dry surface, the 
work done is 

dW = f’ dh = y’ Pdh; 
hence y’ = f’/P. 

Thus, a simple measurement of force permits the 
determination of the work required to obtain a unit area 
of dry surface of the blade. 

It should be noted that at the moment when the 
meniscus ceases to rest on the top of the blade, and the 
first dry surface element is obtained, 


y cos 0dh = W dh. 
This gives the basic relation 
W = ycos @. 


The third case, particularly important in practice, is 
that of a so-called non-wettable specimen. This may be, 
for instance, a solid rectangular blade covered with 
paraffin. If attempts are made to make a specimen 
emerge from pure water, as soon as the upper edge 
emerges, a downward meniscus suddenly forms. 
If the test procedure is reversed and the blade is gradu- 
ally immersed, while noting the depths of the lower 
edge of the blade, a diagram very similar to that for the 
previous case is obtained by plotting, as a function of 
the depth d, the force f* tending to expel the blade from 
the water (the expelling force can be regarded as a 
negative retaining force and depth as a negative height). 
The curve of f* against d rises at first with a nearly 
constant slope and then continues as a horizontal line. 
The flat portion, corresponding to a constant value of /*, 
makes it possible to calculate the positive work required 
for the wetting of the blade, or alternatively the negative 
work produced in the removal of fluid. The relation 
y cos 6 = —W leads to a negative value of cos 9, i.e., 
to an obtuse angle of contact (below the normal surface 
level), which is in agreement with observations. 

The above statement assumes reversible conditions, 
i.e., that the work W, required for wetting is equal to the 
work W, recovered in taking the specimen out of the 
fluid. In general, however, this is not so, and W, is 
somewhat greater than W,. This means that the 
corresponding values of f (denoted by f; and f,) are not 
equal and that the two horizontal lines in the force/ 
displacement diagrams do not coincide (Fig. 1). More- 
over, the angles of contact for immersion and removal 
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(6; and @,) are also different, since they depend on the 
f-values. 

This hysteresis of the wetting cycle has often been 
compared with frictional action. The comparison is 
fairly valid, in the sense that the work which is not re- 
covered during dipping and withdrawal of the specimen 
is frequently dissipated in the form of heat and that the 
hysteresis loss increases with surface roughness. How- 
ever, roughness is not the only possible cause of hys- 
teresis. 

The product y cos @ has been termed the “ adhesion 
tension ” and denoted by 7. For 6; and @,, the corres- 
ponding adhesion tensions for wetting and removal are 
therefore 7; and 7,, respectively. It should be men- 
tioned that surface-tension measurements provide the 
only known means at present for obtaining the integral 
curves of the elementary increments of work occurring 
during the wetting of a solid surface by a liquid. 






MIRROR 


TORSION WIRE 
\ 


SOLID BLADE 


Fig. 2. Diagrammatic sketch of torsion balance. 

A generalised expression for the energy of adhesion 
is obtained from the following considerations :—In 
raising a solid out of a liquid, the solid-liquid interface 
(SL) is replaced by two interfaces, i.e., liquid-air 
(LA) and solid-air (SA) (assuming the latter surface to 
be free of liquid molecules). The energy per unit area 
required in raising the solid is 


W(sr) adh = Ysa — Yst + Yta oe : (1) 
But yz, = y is the surface tension of the liquid. Thus, 
the problem is reduced to determining ys, — ys. 

When a solid with a clean surface is partially im- 
mersed, the portion of the surface which is not covered 
by liquid is in equilibrium with the vapour of the liquid 
and adsorbs molecules of the vapour. The angle of 
contact can be equal to, or greater than, zero. The 
energy relation between the surface tension y, the surface 
energy ys,, and that of the surface covered with an 
adsorption layer, ysy, is 


ysv = ys t+ yCOSS9= yu +7 .. ss ate) 
with 7 y cos 6 = adhesion tension. Introducing the 
“pressure of the adsorbed film” p, Ysa Ysv 


(which, according to Harkins, can be derived from the 
adsorption isothermal), eq. (2) gives 
Pe — YsSs — “SL se 
so that the adhesion energy is 
Ws) aah Pe F ar 
It has been shown that, for a paraffin-covered surface, 
the hysteresis of the wetting cycle and change in angle 
of contact can be attributed to surface irregularities 
alone. Rough metal surfaces adsorb the molecules of 
vapour of the wetting liquid, so that the surface is not 
in the same condition before and after contact with the 
liquid. Moreover, the rate of wetting is also a factor to 
be considered, since p, represents a decrease in surface 
energy of the solid, owing to vapour adsorption, which 
is not instantaneous. However, it is possible to measure 
the work involved in the removal of the wetting liquid, 
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with little alteration due to vapour adsorption, by means 
of dynamic tests. The same rate of wetting should be 
used for all measurements. In preliminary experiments, 
the authors found that a l-mm displacement of the 
specimen in 15 sec, with readings taken every 5 sec, 
is suitable for practical work, and the correction for p,, 
in this case, is small enough to be neglected. It should 
be noted that, when vapour is adsorbed on a solid 
surface, the surface energy of the solid decreases ex- 
ponentially. p, and 7 vary in the same sense ; hence, 
the measurement of 7 makes it possible to assess the 
surface energy of a solid surface adsorbing vapour before 
wetting occurs. 


EQUIPMENT AND TEST METHODS 


It was decided to make standard reference tests in 
clean distilled water, using variously treated blades of 
duralumin as specimens. 

The apparatus used for measuring tension consists 
essentially of a torsion balance with a horizontal wire 
(Fig. 2). A fitting, clamped at the mid-point of the 
torsion wire, carries the galvanometer mirror, a vertical 
blade dipping in oil (for vibration damping), and a 
short arm, approximately horizontal during measure- 
ments, at the end of which from a silk thread is suspended 
either a blade-type specimen (for surface-tension 
measurements), a stirrup (for studies of foams and 
emulsions), or a rectangular blade made of the substance 
to be investigated or covered with the substance, in the 
case of wax, paraffin, varnishes, etc. (study of wetting 
and de-wetting power in flotation tests). 

The liquid is placed in a small vessel mounted on a 
platform, adjustable in height by means of a micro- 
meter screw. When the vessel is raised, the liquid which 
it contains touches the specimen suspended from the 
torsion balance and exerts on it the forces to be measured 
A light beam, reflected from a mirror, produces a line 
on a graduated scale. The torsion wire is of steel, and is 
25 to 30 cm in length. The length of the metal arm is 
15-20 mm. The frame of the torsion balance and the 
mirror are rigidly connected together and can slide along 
two vertical guides. For dynamic measurements, the 
system is driven by an electric motor through suitable 
transmission gearing. 
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Fig. 3. Complete wetting cycle, showing slopes due to 


uoyancy. 


The sensitivity of the torsion balance is first deter- 
mined in calibration tests. The surface of the liquid is 
carefully cleaned immediately before measurements are 
taken. Adhesion tension is measured by means of a 
paraffin-coated metal blade of suitable dimensions. The 
galvanometer readings are taken first with the blade 
above the liquid, then at the position of initial contact, 
and at gradually increased depths (successive displace- 
ments of 05 mm). The reverse process is subsequently 
carried out, with the same number of measurements. 
By plotting the forces as functions of the depth of im- 
mersion, a diagram such as that in Fig. 3 is obtained. 
The flat-line portions have a slight slope, owing to the 
upward thrust of buoyancy, which is noticeable even if 
the blade is extremely thin (0'1 mm thickness). 
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The correction for buoyancy is easily made. Re- 
gardless of whether the meniscus is concave or convex, 
or whether the blade passes under it or through it, this 
upward thrust is proportional to the depth of the bottom 
of the blade below the normal surface level of the liquid. 
By extending the inclined flat-line portions of the curves 
towards the ordinate axis, and intersecting these ex- 
tensions (shown dotted in Fig. 3) with a perpendicular 
to the axis of the abscissae through the point of first 
contact with the liquid (zero depth, hence zero buoyancy), 
the values of the forces f; and f, are obtained by extra- 
polation, and hence the corresponding values of 7; = 
f,/P and 7, = f,/P. 

For dynamic tests, a time-recorder is triggered as the 
blade comes into contact with the liquid, and the light- 
beam readings are used to obtain a diagram of displace- 
ments plotted against time. 

Surface tension is measured by means of a rectangular 
wettable blade which is immersed and then raised until 
its base is situated as closely as possible to the level of the 
undisturbed surface of the liquid (zero level). A reading 
is then taken. Another reading is taken when the blade 
is out of the liquid. The force f is obtained from the 
difference between these two readings and the surface 
tension is evaluated as y = f/P’. In the case of solutions, 
particularly with very dilute solutions, some time may be 
required to reach adsorption equilibrium. 


INVESTIGATION OF DIFFERENTLY ‘TREATED METAL 
SURFACES 
The above methods were employed to determine the 
surface energy of metal surfaces and the strength of 
bonded joints. The blades used were of duralumin 

(width 3 cm, height 4 cm, thickness 0-4 mm). The 

preparations investigated were of the types currently 

employed, either as adhesive agents in paints (anodic 
oxidation), for spot welding (sodium carbonate, phos- 
phoric acid, etc.), or for metal-to-metal bonding 

(chromic acid, etc.). These preparations are as follows :— 

(1) Sodium carbonate solution 15% ; 70° C for one 
minute ; rinsing in water, followed by 10% 
HNO, ; rinsing in water ; and drying at ambient 
temperature (21 : 

(2) Sodium carbonate solution 10°% ; 3 min. ; rinsing 
and drying as under (1). 

(3) Chromic acid (45 gr of acid + 95 gr of water) ; 
3 min at 70° C ; rinsing in water ; drying at 21° C. 

(4) Sulpho-chromic solution (sulphuric acid, 24:4% ; 
chromic acid, 4.4%; water, 71:2%); 60° C, 
15 min. ; rinsing and stirring in water for 30 min. ; 
drying at 60° C (10 min.). 

(5) Cleaning by immersion, 
trichlorethylene. 

(6) Phosphoric acid 10% ; 10 min at 20° C ; rinsing 
in water ; drying at 21° C. 

(7) Phosphoric acid 15% ; 3 min at 20°C ; rinsing in 
water ; drying at 21° C. 

(8) Phosphoric acid 1%; 1 min at 82°C; rinsing in 
water; drying at 21° C. 

(9) Degreasing in trichlorethylene vapour ; electro- 
lytic degreasing ; anodic attack ; immersion in 
sulphuric acid 20% (10 volts) for 30 min ; rinsing 
in running water ; drying at 50° C. 

(10) Treatment as under (9), but rinsing with boiling 
water. 

In all cases, before being subjected to any surface 
attack, the blades were degreased in trichlorethylene. 
Typical results of a wetting cycle are those shown in 

Fig. 4 for a blade treated with a sulpho-chromic solution, 

but it should be noted that the lines of adhesion tension 

7; and 7, for the same test may have different slopes. 

While the 7,-values may vary with time, the 7,-value 

practically coincides with the value for surface tension. 

The curves of adhesion tension for the various surface 

treatments investigated are shown in Fig. 5, the numbers 

of the curves corresponding to those of the treatments 
listed above. 
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Fig. 4. Wetting cycle of a blade treated with a sulpho- 
chromic solution. 


Excepting curves (1) and (2), the surface conditions 
are seen to be fairly stable. With regard to the anodic 
treatment (curves (9) and (10)), it would seem that this 
gives a greater affinity for water ; however, the results 
are vitiated by a capillary rise occurring under equili- 
brium conditions ; the porosity of the layer of alu- 
minium oxide affects the measurement of adhesive 
strength. Apart from this exception for anodic treat- 
ment, the various surface treatments can be classified 
without difficulty. 
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-104 ! 
Fig. 5. Curves of adhesion tension for various surface 
treatments. 


Using surfaces treated as described above, further 
tests were carried out on joints bonded by means of a 
di-isocyanate polyester. The joints were made on 
duralumin plates of 40 x 10 x 2 mm, with a simple lap 
joint of 10mm. The specimens were cured at 125°C ata 
pressure of 1 kg/cm*. To assess the influence of ageing, 
two series of tests were made, using (1) specimens 
bonded together one hour after surface treatment, and 
(2) specimens bonded after seven days. The mean 
values of adhesive strength, based on ten tests for each 
type of joint investigated, are given in Table I 
overleaf. 

The difference is noticeable between the results 
obtained with the sulpho-chromic treatment and the 
other treatments. Regarding the latter, the slight 
variations around 2°0 are not sufficient to differentiate 
between them, in view of the amount of scatter. It is 
conceivable that there exists a specific relationship be- 
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TABLE I. 

















Mean 
Surface Time apparent strength 

treatment before bonding kg/mm2 
Sulpho-chromic ; a. | 4 
: 1 hr 2:09 
Sodium carbonate 7 days 1:98 
ss A ‘ lhr 1-97 
Chromic acid 7 days 2-08 
Phosphoric acid : am eo 





tween the nature of the surface and the type of adhesive 
used for bonding. The surface treatment modifies only 
the absolute value of the free energy of the bond between 
metal and adhesive. If this value of free energy is still 
inadequate, the adhesive may then seem to be insensitive 
to the surface treatment and the ageing of the surface. 

An investigation of the causes of scatter in the 
results has led to the following findings :— 


(1) For joints made by polymerisation, very uniform 
results are generally obtained for similar thicknesses. 
However, there is some scatter in certain cases, 
because polymerisation is not always absolutely 
identical. This fact had already been observed 
previously by the authors, when studying the 
shrinkage of polyesters. 

(2) For joints made with a thermoplastic (nylon, poly- 
thene, polyvinyl alcohol), similar values of shear 
strength are obtained for similar bonding pro- 
cedures. The curve of shear strength against 
thickness was determined for joints made with 
0-1-mm nylon films, using duralumin plates of 
70 x 40 x 16mm. The joints were held at 200° C 
for half an hour, the temperature being controlled 
by means of thermocouples, and bonded specimens 
were made at three pressures, i.e., 0-5, 1-0, and 5 
kg/cm?. The results obtained are shown in Fig. 6. 
It will be noted that this curve has a maximum at B 
and two minima at A and C. 

From mathematical considerations already estab- 
lished, the apparent adhesive strength of a simple 
bonded lap joint, calculated from the plate thickness, the 
area of the joint, Coulomb’s modulus, the thickness of 
adhesive, and Young’s modulus, should increase with 
the bond thickness, assuming the adhesive to be homo- 
geneous. 
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Fig. 6. Graph of shear strength plotted against thickness of 


adhesive. 


From a large number of investigations in published 
literature on the subject of interfaces, it can also be 
deduced that, when a liquid is in the presence of another 
phase (solid or otherwise), its properties are altered in a 
region extending over more than one layer of molecules 
from the interface. This orientation at the interface 
produces an improvement in the internal arrangement of 
the resin (decrease in entropy) and hence an improve- 
ment in its mechanical properties. 

It is thus possible to interpret the subsequent rise 
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CD (reduced stress) and the peak BC (orientation effect) 
in Fig. 6. The low values of the left-hand flank AB are 
easily explained by assuming that, below a lower limit 
of thickness of the bonding medium, the irregularities 
due to surface thoughness cause an increase of hetero- 
geneity in the joint. 

A main finding of this investigation is that joints of 
different thicknesses are obtained even when prepara- 
tions and tests are made under closely controlled con- 
ditions. Although, in practice, tests are made at a 
constant pressure, which is an easily controllable factor, 
adhesion tests cannot serve for comparisons unless full 
account is taken of thickness variations. It is thus ad- 
visable first to determine a calibration curve for thick- 
nesses. 


DOPE FOR ADHESIVES 


In order to increase the free energy of the bond be- 
tween metal and adhesive, the authors had previously 
suggested the interposition of a monomolecular layer, 
with a double affinity, which would increase the bonding 
energy and would make use of the orientation effect of 
surface layers. 

For this purpose, it was decided to use allyltrichloro- 
silane, in conjunction with a polyester which poly- 
merises at ordinary temperatures. It was considered that 
the allyltrichlorosilane would be suitable as a dope for 
the following reasons :—(i) The chlorine constituents are 
highly reactive and can adhere to the metal, and (ii) the 
double bond of the allyl radical can polymerise together 
with the double bonds of the polyester. 
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Fig. 7. Graph of shear strength plotted against thickness, 


for bonding of duralumin plates subjected to sulpho-chromic 
treatment, using a polyester. 


Fig. 7 shows the curve of shear strength against 
thickness for bonding of duralumin plates subjected to 
sulpho-chromic treatment, using a polyester (test points 
denoted by open circles). The solid dots denote results 
obtained with duralumin plates subjected to preliminary 
treatment with allyltrichlorosilane, either pure, or in a 
3:5% solution in xylene. The points (1), (2), (3), and 
(4) are for treatment with allyltrichlorosilane subse- 
quently neutralised by an ammoniacal solution. The 
points (5), (6), (7), (8), and (9) denote treatment with 
allyltrichlorosilane without neutralisation. 

It should be noted that, in cases (5) to (9) inclusive, 
when the polyester was spread on the plates, their surface 
was not wetted by the resin, which gathered in the form 
of droplets on the surface. It would appear that it is 
sufficient if the adhesive strength is greater than the 
cohesion of the resin in the liquid state, for adhesion to 
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be obtained by chemical or physical bonding. In the 
cases of adhesions with the polyester alone, it is not 
conceivable that there is a physical bonding due to Van 
der Waals forces. In those cases where neutralised 
allyltrichlorosilane is used, the Cl-constituents provide a 
chemical bonding and this produces an improvement in 
the results, probably owing to the orientation effect. 

The chemical type of bond is evidently more stable 
with regard to external agents (humidity, temperature 
variations, Oxidation, etc.), and the use of dopes for 
adhesion strength certainly appears to offer interesting 
technological possibilities. 

The essential condition in the choice of a dope is that 
it should have affinity both for the metal and the resin. 
Some dopes may have a beneficial action on the metal 
but may cause destruction of the resin, in which case a 
total breakdown of mechanical properties occurs. It 
would seem that there are two possible solutions, i.e., 
the dope is deposited on the metal or it is mixed with the 


resin to be used for the joint. In the latter case, the dope, 
spread out with the high-viscosity resin, has little chance 
of being adsorbed at the interfaces ; moreover, it de- 
creases the homogeneity of the joint and can sometimes 
even prevent polymerisation. Thus, it appears more 
profitable to treat the metal with the dope, and this 
method is also easier to apply in practice. When the 
dope is spread on the surface of a metal, it is essential to 
employ only a very small quantity and to remove the 
excess, before adhesion, by means of water or a suitable 
solvent. 

In addition to these dopes of the monomolecular 
type, ““Redux”-type dopes can also be considered. 
Moreover, films of buna and nylon, for instance, can 
also be used. A further problem with regard to dopes 
would thus be to look for the polymers which wet 
metals, and to add to these the substances capable of 
co-polymerising with them and giving adequate mechan- 
ical properties. 


S.A. 


Developments in Silicones 


By T. A. Kauprt. 


(From Machine Design, Vol. 26, No. 9, September 1954, pp. 176-189, 26 illustrations.) 


Just as the molecular structures of silicones are unique, so are their properties, which make them serviceable 
in many cases where other materials fail, and which have made possible design changes hitherto 


impracticable. 


Of particular interest are some of the newer developments in silicones. 


These new forms, 


together with some of the more standard varieties, are discussed in this article. 


SILICONES are a relatively new and unusual class of 
engineering materials. Although physical forms of 
silicones—fluids, rubbers, plastic resins, and greases— 
are similar to organic materials, their properties are 
quite different. Silicones are noted for thermal stability, 
excellent dielectric characteristics, water-repellent pro- 
perties, and oxidation resistance. 

Silicones are built around ‘‘ skeletons ”’ of silicon 
and oxygen atoms. Attached to these skeleton chains are 
various organic groups which modify the basic molecular 
structures. The resulting semi-organic materials can 
thus be produced in a number of physical forms, all with 
different characteristics. 


SILICONE RUBBER 


Silicone rubber is a synthetic, elastomeric material 
which is in a class by itself among rubbery materials. It 
contains no organic rubber, and its unique properties 
are obtained by the proper compounding of stable sili- 
cone polymers with heat-stable fillers. Silicone rubber 
makes possible the design and production of equipment 
suitable for operation at temperatures above and below 
the limits set by conventional organic materials. 

In general, silicone-rubber parts are inert, resistant 
to oxidation, and show minimum change in physical or 
dielectric properties after continuous long-term exposure 
to temperatures from —60 to 350° F, or intermittent 
exposure to temperatures from —70 to 500° F. They 
also show excellent resistance to weathering, and to a 
variety of hot oils and chemicals. 

These characteristics properties can be further 
enhanced by compounding for optimum service under 
particular operating conditions. Silicone-rubber stocks 
designed for extreme-temperature applications, for 
example, have brittle points lower than —130° F, are 
flexible at temperatures below —100° F, and remain 
serviceable at temperatures up to 500° F. The fact that 
the low compression-set silicone-rubber stocks are 
usually tested for resistance to permanent compression 
set at 150° C, whereas organic rubbers are tested at 
70° C, is a measure of their advantage in service at 
elevated temperatures. 

Silicone rubbers with particular applications are 
cloth coating pastes which cure to a tough, resilient, 
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heat-stable coating with ‘‘ adhesive ’’ characteristics ; 
and stocks, completely free of any potentially toxic in- 
gredients or additives, for handling pharmaceutical or 
medicinal products. 

Among three silicone-rubber developments are two 
general-purpose stocks, which can be blended to yield 
any durometer hardness between 50 and 80, and an 
extreme-temperature, low-compression-set, low-shrink 
silicone rubber which can be used in food or cosmetic 
processing. The two general-purpose stocks (Silastic 
50 and Silastic 80) are high-strength materials having 
good resistance to compression set, low water absorption, 
and excellent dielectric properties. Blendable with each 
other, they also offer the advantage that they can be 
easily pigmented to obtain a wide range of colours and 
shades. They are readily adaptable to moulding, ex- 
truding, laminating, calendering, or wire covering. 
Influence of temperature on compression set is shown in 
Fig. 1 and on dielectric properties in Fig. 2. 


110 


SILASTIC 





-40 0 77 158 -2I2 300 392 480 
TEMPERATURE, °F 


Fig. 1. Compression set for two silicone rubbers. 
Samples cured for 24 hr at 480° F; tested for 22 hr at temperature. 


Another recently introduced silicone-rubber stock 
(Silastic 675) offers an unusual combination of desirable 
properties. It is serviceable from —100 to 500° F, has 
excellent resistance to compression set, is a good dielec- 
tric, and exhibits unusually low shrinkage in moulding 
and in service at elevated temperatures. 

This rubber has a brittle point lower than —130° F. 
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After 200 hours at 500° F, for example, the Sil 
tensile strength of magnesium drops to 6000 equip! 
psi, while that of aluminium is 5000 to 9000 psi. includ 
Z Silicone-glass laminates, however, average over electrc 
2 20,000 psi after the same exposure. Ru 
is} knowr 
re) DIELECTRICS heat s 
ia si , cones 
5 Regardless of the original electrical pro- rubbe 
& perties of an insulating material, thermal age- Tt 
¥ ing inevitably weakens the material physically, examy 
until eventually vibration or moisture severely or rut 
impairs electrical properties. Service life of a rubbe 
dielectric is therefore a function of its resistance much 
to thermal ageing. The silicones combine coil u 
oc 0°007 excellent dielectric properties with an except- As 
fe) ional degree of thermal stability. For this resist: 
& 0:006 reason, silicone dielectrics have a longer service shows 
o life than organic dielectrics. condi 
S 0.005 Compounds :—First of the silicone die- in3t 
9 A lectrics to become commercially available was 
0-004 a smooth, translucent compound which re- 
20, 30 40 50 60708090 1001020 150-40 150 tained the consistency of petroleum jelly even 
: . ____TEMPERATURE, °C ie after prolonged exposure to temperatures 
Fig. 2. Dielectric properties of two silicone rubbers. ranging from —70 to 400° F. Highly resistant 
(A) Silastic 80, 106 cycles. (C) Silastic 50, 102 cycles. to oxidation, this compound is also more 5 
(B) Silastic 80, 102 cycles. (D) Silastic 50, 106 cycles. > Ee 
water-repellent than paraffin or wax. Q 
Compression set is in the range of 15 to 20% after 22 Over a wide frequency range, the dielectric constant . 
hours at 300° F; 20 to 28% after 70 hours. It retains of the compound (Fig. 3) falls about midway between rs 
excellent dielectric properties over a wide range of that of quartz and organic transformer oil. Power factor 
temperatures and frequencies. Well suited for appli- is less than 0-003 at frequencies up to 100 megacycles, g 
cations where low shrinkage in service is required, this and a volume resistivity of more than 10!2 ohm-cm is 2 
stock shows less than 2:5% shrinkage after 1000 hr at retained at temperatures up to 400° F. Because a thin 8 
390° F, and less than 7% after 1000 hr at 480° F. film of the compound prevents moisture from forming a s 
Furthermore, because Silastic 675 does not contain any continuous conducting film on insulating surfaces, ~ 
toxic additives, it can be safely used in applications where surface resistivity remains high and surface leakage is 
cosmetics, foods, or pharmaceutical products may be in eliminated. This compound first became popular with 
contact with the fabricated part. the aircraft industry as a high-temperature ignition seal. 
It is now widely used as a water-repellent dielectric 
FoaMs coating or seal for power-transmission and survey 
Several new silicone resins fill a long-felt need equipment exposed to weathering or high temperature. 
for lightweight, non-inflammable structures that will Ur Fig. 4 
retain compressive strength at high temperatures and can aZ 30 coll 
be foamed in place. Two recently developed expansible yb 2al | | | | | a) Heat 
resins can be foamed in place to form uniform, closed- ZS o6| | | ese: 
cell structures weighing only 8 to 24 pounds per cubic 8° no10 ( 
foot. 0-009 ' 
Such foams have been exposed to temperatures as 0-008 
high as 700° F or more for over 20 hours, with very little 7 
structural or dimensional change. Sections only 0:5 in. g 9007 com 
in thickness can be brought to a red heat over an open 2 0.006 conv 
flame without showing significant decomposition. Only = 0-005 prop 
a slight warmth can be felt on the opposite face. x 0004 to ¢ 
These properties suggest the use of ‘‘ sandwich ”’ = 0.003 rubt 
constructions, foamed-in-place reinforcements, or parts 9 rath 
machined from blocks of silicone foam in such applica- 0-002 that 
tions as fire-walls, electrical and acoustical insulating 0:00! the « 
bodies, and heat-stable buoyant structures. 0 a p, 
an 
Silicone resins are available for either high- or low- mm Fe yma magn ae oo ee. ee Sick 
pressure laminating of electrical or structural parts. _ 
Silicone-glass laminates are characterised by excellent Fluids : Low loss factors at elevated temperatures, in- : I 
dielectric properties over a wide frequency range, low ertness to moisture, oxidation resistance, and heat stability ps 
water absorption, excellent arc resistance, and a high make silicone fluids unusual among liquid dielectrics. ose 
order of heat stability. Temperatures ranging from —20 to 400° F have J 
A recently developed silicone resin for bonding practically no effect on the power factors and very little vari 
laminates to be used as structural parts provides initial effect on the dielectric constants of these fluids. Con- ris 
strength and stiffness values approaching those of the stants also remain practically unchanged at frequencies Ai 
organic resins. Typical }4-in. samples show flexural from 10? to 10!° cps. Dielectric constant is in the range org. 
strengths in the range of 50,000 psi at room temperature, of 2:18 to 2:68 for fluids below 20 centistokes viscosity, nen 
even before curing. Even more important, this high and 2-68 to 2-77 for fluids of higher viscosity. refe 
physical strength is retained after prolonged exposure to Dielectric strength of the fluids tested at 0-1-in. con 
elevated temperatures. spacing is in the range of 300 to 500 volts per mil. Dro 
Tests indicate that, in high-temperature service, all of Volume resistivity is about 10’ ohm-cm and remains 
the silicone-glass laminates retain this high strength. relatively constant at temperatures up to 400° F. bon 
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Silicone fluids have found applications in military 
equipment, where size and weight are of importance, 
including aircraft transformers, capacitors, and sealed 
electronic assemblies. 

Rubber: Silicone rubber has been called the closest 
known approach to the ideal dielectric. It combines the 
heat stability and moisture resistance of resinous sili- 
cones with many of the most desirable properties of 
rubber, and adds several features of its own. 

Thermal conductivity of silicone rubber is, for 
example, about 150% of that of either organic resinous 
or rubber dielectrics. As indicated in Fig. 4, a silicone- 
rubber impregnated coil can operate at temperatures as 
much as 50% below that of a silicone-resin impregnated 
coil under the same load. 

As a cable covering, silicone rubber has excellent 
resistance to corona. Silastic-insulated ignition wire 
shows no deterioration after 2000 hours under test 
conditions which cause organic-rubber covering to fail 
in 3 to 30 minutes. 


52 
28 
a24 
5 
E20 50 
2 
fe) ad 
ee i 
é 16 40 % 
y wi 
g 
a 30 8 
- = 
tj Zz 
¢ 2003 
= 
< 
io & 
2 
a 





0 50 100 150 200 250 
AVERAGE OPERATING TEMPERATURE, °C 


Fig. 4. Heat dissipation of a silicone-rubber impregnated 
coil and a silicone-varnish impregnated coil (375 turns of 
17 S.W.G. wire). 
= ratio of average temperature rise to watt 

input. 
(A) Silicone-varnish impregnated coil. 
(B) Silicone-rubber impregnated coil. 
(C) Increase in watts dissipated in silicone-rubber coil. 


Heat dissipation factor 


The dielectric properties of typical silicone rubbers 
compare favourably at room temperature with those of 
conventional rubbers. There is little change in dielectric 
properties over a temperature range of from below zero 
to over 200° C. At elevated temperatures, organic 
rubbers deteriorate rapidly and become conductors 
rather than insulators. Even more important is the fact 
that high-temperature ageing does not significantly alter 
the dielectric properties of silicone rubber. 

Silicone rubber also has a high resistance to arcing 
and to electrical fatigue. Its water absorption values 
range from 6 to as low as 0:5%, and it is unique in that 
even maximum absorption has no material effect on 
dielectric properties. 

_ Silicone rubber is used in a variety of applications, 
including wire and cable covering, capacitor and trans- 
former bushings, and coil wrapping. 

Resins : Class H or silicone insulation is one of several 
varieties which have been classified by the AIEE ac- 
cording to resistance to thermal ageing. Of these, Class 
A is made up of organic components bonded with an 
Organic varnish ; Class B consists of inorganic compo- 
Nents bonded with an organic varnish; and Class H 
tefers to ‘‘ inorganic materials with bonding substances 
composed of silicones or materials with equivalent 
properties.”’ 

One silicone wire varnish is specifically designed to 
bond single or double glass serving on copper magnet 
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wire. Such magnet wire insulation has good abrasion 
resistance and remains serviceable for extended periods, 
largely because of the effect of the glass serving itself. 
Another varnish is used as an enamel on bare magnet 
wire. With physical properties comparable with those of 
the better organic wire enamels, the silicone wire enamel 
has about the same life expectancy at 200° C as con- 
ventional organic enamels have at 105° C; flexibility and 
scrape abrasion resistance compare favourably ; resistance 
to solvents, oils, and salt water is substantially superior. 


PROTECTIVE COATINGS 


Broadly speaking, silicone protective coatings may 
be divided into three categories by vehicle content :— 
100% silicone, silicone copolymers, and modified 
silicones. The 100%, or straight, silicone finishes are 
most useful where temperatures range from 500° to 
900° F and where there is severe weathering or exposure 
to corrosive atmosphere. Straight silicone finishes are 
also best if colour stability, either upon exposure to 
outdoor weathering or to high temperature, is highly 
desirable. 

Most silicone copolymers are made with alkyd 
resins, although some development work is being 
done with the phenolics. The silicone-alkyds combine 
the weathering and heat-resistant properties of the 
silicones with the excellent adhesion and film properties 
characteristic of the alkyds. Used primarily in baking 
enamels for space heaters and other interior uses, the 
silicone-alkyds perform well in light-coloured finishes at 
temperatures up to 450 F. 

Modified silicones are an attempt to overcome some 
of the limitations of the straight silicones by cold- 
blending them with various organié¢ resins. Poor solvent 
resistance, slow curing, slight thermoplasticity, and 
higher initial cost can all be minimised, but at the ex- 
pense of certain other properties. In many cases, how- 
ever, they do as well as straight silicones, and several of 
them provide better protection than a straight silicone in 
a temperature range of from 900 to 1200° F. 

Water Repellents: Virtually all silicones are water- 
repellent. They cannot all be used indiscriminately, 
however, in every application where a water-repellent 
characteristic might be desirable. 

There are silicone water repellents available for 
textiles, leather, masonry, glass, ceramics, and plastics. 
Another silicone water repellent also imparts an “‘ ad- 
hesive ”’ characteristic to paper and parchment, prevent- 
ing the adhesion of sticky products and foods to treated 
wrappers. All of these water repellents offer the decided 
advantage of allowing the treated material to breathe, 
i.e., they provide water repellency without sealing off 
the pores. 

Glass, ceramic, and plastic electrical insulating 
materials are made water-repellent with an air-drying 
silicone resin. It produces a smooth, transparent film 
which repels water and maintains high surface resistivity 
under humid conditions. The film is hard and weather- 
resistant. It eliminates leakage currents and flashovers, 
reduces maintenance, and extends the service life of 
insulators. 


OILS AND GREASES 


Oils and Fluids: Silicone oils, generally referred 
to as silicone fluids, have been under commercial de- 
velopment for little more than ten years. Even so, their 
unusual properties have promoted their use in almost 
every field. 

In general, silicone oils are heat-stable and resistant 
to oxidation, gumming, and weathering. Moreover, they 
have excellent dielectric properties and relatively flat 
viscosity-temperature slopes. They exert a virtually 
constant damping force over a wide range of tem- 
peratures, and are highly resistant to permanent shear 
breakdown. They are highly non-reactive and inert to 
metals, plastics, and most organic materials. 
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These properties make practical the use of silicone 
oils as damping, hydraulic, or dielectric fluids in dash- 
pots, vibration dampers, accelerometers, shock absorbers, 
condensers, and capacitors ; as release agents in fabri- 
cating metal, plastic, or rubber parts; as polishing 
agents for automobile finishes and furniture; as de- 
foaming agents for many non-aqueous systems and 
processes ; and as heat-stable lubricants for many high- 
temperature applications. 


Greases: Silicone greases are formulated by com- 
bining various thickening agents with different silicone 
oils. Of the four types now available, two are ball- 
bearing lubricants thickened with organic soaps. One is 
designed for extremely low-temperature service; the 
other for permanent lubrication of ball bearings 
operating at temperatures from —40 to 400° F. The 
third and most heat-stable silicone grease is thickened 
with a special carbon black and is used to lubricate oven 
conveyor bearings and kiln carts, regulator valves, 
compressor engine valves, furnace and oven doors, 
driers, and similar low-speed equipment. The fourth 
grease, which is prepared by thickening a silicone oil 
with a finely divided silica filler, is used primarily as a 
valve lubricant where steam, corrosive materials, and heat 
cause rapid failure of organic valve lubricants. 

Resistance of silicone greases to oxidation is indi- 
cated by the results of oxygen-bomb tests shown in 
Fig. 5. Test conditions were 500 hours exposure to 
oxygen under a pressure of 100 psi at 210° F, in the 
presence of a brass catalyst. 
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Compounds: Silicone compounds are made by 
combining silicone oils and suitable thickening agents, 
The various silicone compounds include defoamers 
which are effective at very low concentrations in many 
aqueous and non-aqueous systems, moisture-repellent 
and heat-stable dielectric materials, and release agents. 

Inherent properties of silicones also make practical 
the use of such compounds as damping media ; as anti- 
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A Survey of Corrosion Inhibitors 


By A. BUKOWIECKI. 


(From ‘‘ Schweizer Archiv,”’ Vol. 20, No. 6, June 1954, pp. 169-186, 8 illustrations.) 


In our October issue, a number of corrosion inhibitors for nearly neutral aqueous solutions was described. 

The concluding instalment of this article discusses other inhibitors in this group, together with inhibitors 

for acid aqueous solutions, inhibitors for alkaline aqueous solutions, vapour-phase inhibitors, and 
inhibitors for organic liquids. 


(A) INHIBITORS FOR NEARLY NEUTRAL 
AQUEOUS SOLUTIONS (continued) 

(5) WETTING AGENTS 

Because of the pronounced polarity of their ions or 
molecules, wetting agents collect as colloidal salts at 
the surface of the liquid, reduce its surface tension, and 
cause it to wet solid bodies ; very small amounts are 
sufficient. Well known “ anionic’? wetting agents are 
arylalkyl sulphonate and similar sulphonates, also ordi- 
nary sodium soaps; more recent wetting agents are 
** cationic ’’ (e.g., the amino salts) or “‘ non-ionic.” If 
a metal is dipped into an aqueous solution with a wetting 
agent, the agent is adsorbed into the metal surface and, 
according to the type of metal and agent, either of two 
processes may take place :—(a) The agent forms an 
immovable adsorbed film and corrosion is retarded, 
provided that the film structure is dense enough to 
prevent passage of water and oxygen molecules. (b) 
The particles are not adsorbed strongly enough and 
may be washed away, without stopping corrosion. 
Experiments on iron, in fact, show that only certain 
agents reduce corrosion, whereas others change the 
nature and adhesion of the corrosion products by 
process (b), so that the iron remains smooth and bright, 
despite continued corrosion. Certain agents corrode 
tin, others lead and copper. The choice of the correct 
wetting agent is thus rather difficult and is, as yet, 
purely empirical. 
(6) EMULSIFYING OILS 
Cooling oils, such as those used for machining metals. 
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Special protective oils for industrial cooling plant. 
Mineral oils with a small amount of emulsifier 
(ordinary soaps, and ‘“anionic’’ wetting agents), if 
mixed with water, produce milky emulsions with small 
oil drops suspended in the water. Like wetting agents, 
emulsifiers in aqueous solutions form polar ions ; these 
reduce surface tension. Special stabilisers are also often 
added to the oil; together with the emulsifiers, they 
create firmly coherent layers at the water/oil interface 
and thus stabilise the emulsions'®. The best known 
emulsifying oils are those serving as coolants for metal 
machining ; special oils are used in industrial cooling 
plant to protect iron and non-ferrous metals at higher 
water temperatures. A 0:5°% by volume admixture of 
oil with a sodium sulphonate base emulsifier proved 
effective enough to protect iron, copper, brass, and 
aluminium for 7 days in circulating water at 60 to 
90° Ct. Even local corrosion of aluminium in car 
radiators with water containing chlorides can be reduced 
considerably by small additions of emulsifying oils. 
The inhibiting reaction of corrosion products with 
the emulsifier!! causes its local decomposition and de- 
position of an oily, water-repellent film. The concen- 
tration of emulsifier and oil must be large enough to 
prevent local pitting. Emulsions are ineffective where 
corrosion products have already formed, because these 
use up the emulsifier and oil or cause a premature 
breakdown of the emulsion. The hardening con- 
stituents of natural waters also impair the efficiency of 
certain emulsions. Since emulsions show very different 
inhibiting qualities and stability, according to the type 
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of emulsifier and stabiliser, they require extensive 
tests prior to their application. 


(B) INHIBITORS FOR ACID AQUEOUS 
SOLUTIONS 


In practice, inhibitors for acid aqueous solutions are 
required mainly for descaling and decalcifying solutions 
which must remove deposits on the metal surface, 
without excessive corrosion of the parent metal. De- 
scaling (pickling) solutions mostly contain either 10 to 
25% sulphuric acid at 50° to 80°C, or 10 to 15% 
hydrochloric acid at 20 to 40°C. Inhibitors for these 
solutions have been known for a long time. Since non- 
ferrous metals are not normally treated in this way, the 
inhibitor need be effective for iron only. Decalcifying 
liquids contain slightly corrosive organic acids or highly 
corrosive hydrochloric acid. For iron and steel, the 
usual pickling inhibitors may be added; for metals 
sensitive to hydrochloric acid, such as aluminium and 
zinc, special inhibitors must be employed. 

Corrosion in acid solutions has the additional 
feature that the cathodic process is mainly conditioned 
by evolution of hydrogen ; the cathodic consumption of 
oxygen is quite unimportant. The oxide films are des- 
troyed so rapidly that their reconstitution contributes 
to the protection only after the main corrosion has 
already been substantially reduced by suitable inhibitors. 
An exception is the dense oxide film of aluminium, which 
can be sealed completely against certain acids, but not 
against hydrochloric or sulphuric acids. Because of 
the instability of the oxide film and the easy solubility 
of metal salts in acids, the inhibitors favouring film 
formation and those sealing the pores in films are effective 
only in exceptional cases. The polymeric phosphates 
are destroyed and the alkaline metal silicates do not 
remain dispersed in strong acid solutions. Well proved 
inhibitors, on the other hand, are the organic colloids 
(Section A(4)), various other organicand certain inorganic 
adsorptive inhibitors, certain wetting agents, and emul- 
sifying oils (Sections A(5) and (6)), and salts of arsenic 
and antimony. 


(1) ORGANIC ADSORPTIVE INHIBITORS 


Organic colloids. 

Certain sulphur and sulphur-nitrogen compounds, ¢.g., 
dibenzyl sulphide, dibutyl thio-urea, and various 
trithianes. 

Certain heterocyclic nitrogen bases, such as alkylated 
derivates of quinoline. 

Secondary and tertiary aliphatic amines with more than 
4 carbon atoms. 

Aromatic amines with more than 3 carbon atoms in the 
side groups. 

Formaldzhyde and many other aldehydes. 

Nicotinic acid, specially for zinc. 

These compounds are obtained partly in technically 
pure form, and partly as natural or industrial products 
and by-products of insufficiently known composition. 
They form adsorbed layers which firmly adhere to the 
metal surface and, although porous, slow down the 
diffusion of acid anions to the surface, thus reducing 
the attack to a few per cent or less, i.e., they act ano- 
dically!2, On the other hand, several inhibitors also act 
cathodically, retarding the re-combination of hydrogen 
atoms!*, This mixed behaviour seems characteristic. 
Some inhibitors may be predominantly anodic or 
cathodic, according to their concentration. However, 
even a predominantly anodic action does not lead to 
local attack under insufficient inhibition, because the 
protected anodic areas cannot act as additional cathodes, 
ie., they do not increase the cathodic surface and the 
attack is not further concentrated at the remaining un- 
protected anodes. The efficiency of adsorptive inhibitors 
of the same series rises with increasing molecular weight ; 
the adsorbed layer probably coheres more firmly, 
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owing to increased intermolecular forces (Fig. 4)". 
Adsorption is relatively uniform over the whole metal 
surface!*, At least part of the inhibiting substance com- 
bines chemically with surface atoms of the metal and 
adheres firmly; this is evident because the action of 
certain inhibitors changes with the metal and acid and 
because heating often improves the protective effect’. 
Moreover, the solubility of scale or incrustation is hardly 
influenced by the inhibitor, so that adsorption is likely 
to be based on special forces appearing at the bare 
metal surface. 
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Fig. 4. Corrosion of steel in a normal solution of sulphuric 
acid, inhibited by additions of various tertiary aliphatic 
amines. 

Duration, 46 hours ; temperature, 25° C. 


Adsorptive inhibitors are required merely to weaken 
corrosion attacks associated with noticeable hydrogen 
evolution. The adsorbed layers, as also the gel deposits 
of colloidal inhibitors, in fact seldom prevent formation 
of rust or other corrosion phenomena accompanied by 
slow consumption of oxygen. This is unimportant for 
short descaling and decalcifying processes, but endangers 
metallic vessels used for the storage of acid residues, 
particularly when the residues are partly neutralised. 
The effect of adsorptive inhibitors wears off rapidly as 
the acid is diluted, and corrosion may become very 
pronounced. 

Inhibitors protecting iron against acid attack may 
fail with non-ferrous metals because the structure and 
solubility of the surface film will vary with the metal. 
For instance, hydrochloric acid solution inhibited by 
trithianes attacks iron only slightly, but corrodes zinc 
and aluminium more rapidly than does the uninhibited 
solution. Acid attack on zinc is especially difficult to 
inhibit ; the best inhibitors are certain organic colloids 
and nicotinic acid. Zinc in combination with other 
metals presents a special problem. A mild decalci- 
fication of galvanised iron by hydrochloric acid will 
destroy the zinc deposit, even when the inhibitors 
could protect each metal separately; probably, the 
inhibitors are adsorbed preferentially to the iron and 
leave the zinc surface unprotected. 


477 








Hydrogen embrittlement of steels, due to diffusion 
into the steel of the atomic hydrogen generated by 
corrosion, is increased by many adsorptive inhibitors 
and impeded by only a few'®. Since the iron oxide in 
scale yields ferric compounds which may corrode the 
solid metal, and since the usual adsorptive inhibitors 
do not stop this corrosion, certain reducing agents, 
particularly glyoxal, are recommended as additions to 
the inhibited acid'’. Wetting agents are also added to 
these inhibitors, because they prevent the growth of 
hydrogen bubbles on the metal surface, thus preventing 
localised corrosion conditions. 


(2) INORGANIC ADSORPTIVE INHIBITORS 
Alkaline-metal chlorides, bromides, and iodides. 


Acid attack on iron may be reduced appreciably by 
these inhibitors'*. For instance, Fig. 5 shows the in- 
hibiting effect on steel of sodium halides. The inhibiting 
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Fig. 5. Corrosion of steel in N/10 sulphuric acid, inhibited 
by various additions of sodium halides. 
Duration, 48 hours ; room temperature. 


process has found no precise explanation as yet; it is 
certain only that adsorbed layers are formed at the local 
anodes and cathodes. Corrosion of zinc is not reduced 
but rather is accelerated. 


(3) INHIBITING EFFECT OF CERTAIN METAL SALTS 
Salts of arsenic and antimony. 

Acid solutions with additions of these salts only 
slightly attack iron; arsenic and antimony separate at 
the iron surface in the form of thin metal films which 
practically arrest the re-combination of atomic hydro- 
gen. As they accelerate the corrosion of zinc, acids with 
compounds of these metals are especially suitable for 
the selective removal of zinc coatings from iron sur- 
faces. The tendency of steels to hydrogen embrittlement 
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is considerably increased by exposure to acids containing 
arsenic and antimony. 


(C) INHIBITORS FOR ALKALINE AQUEOUS 
SOLUTIONS 


Water-soluble silicates, fluorosilicates, chromates, gum 
arabic with agar-agar, and glucose. 

Metals with oxide films which are soluble in alkalis 
are attacked strongly by alkaline liquids ; in particular, 
zinc and aluminium are corroded rapidly under hydro- 
gen evolution. Zinc is fairly resistant to liquids up to 
pH 12, but aluminium starts to corrode noticeably at 
pH 9 to 10. As inhibitors for the corrosion of aluminium 
and its alloys in weak alkalis, e.g., cleaning agents with 
sodium carbonate, water-soluble silicates have proved 
most suitable ; addition of 0-75% waterglass completely 
stops corrosion of aluminium in a 10% solution of 
Na,CO, at 65° C. Fluorosilicates and chromates are 
used less frequently. In strongly alkaline solutions of 
alkaline-metal hydroxides, these inhibitors are no 
longer effective. Silicates are ineffective in a 0:1% 
NaOH solution and accelerate corrosion in a 10°, 
NaOH solution. Additions of 0-75% gum arabic and 
0:75°%, agar-agar provide 80% protection against cold 
10% NaOH solution, and 50% protection against hot 
Na,CO; solutions. Systematic investigations are yet to 
be made; it is likely that inter-action between the 
mainly colloidal inhibitor and the partly colloidal pro- 
ducts of corrosion creates gel deposits at the metal 
surface. 


(D) VAPOUR-PHASE INHIBITORS 


Volatile bases, especially ammonia and several amines, 
such as cyclohexylamine, ethylene diamine, and 
morpholine. 

“V.P.I.”’, salts of nitrous acids, e.g., dicyclohexylamine 
nitrite (% Dichan’’) and di-isopropylamine nitrite 
(* Dipan’’). 

Amino salts of benzoic, nitrobenzoic, cinnam:c, and 
carbonic acids, and cyclohexylamine carbonate. 
Drops of water condensing on metals may cause 

corrosion. The condensate contains little oxygen but 

considerable free carbonic acid from the dissolution of 
hardening constituents ; it strongly attacks hot metals 
under hydrogen evolution. The volatile base inhibitors 
mentioned above are added to the feedwater or directly 
injected into the system ; they vaporise and neutralise 
free carbonic acid in the condensate to pH-values of 
7 to 8. The traces of oxygen in the neutralised conden- 
sate then cause only slight corrosion. Volatile inhibitors 
are more efficient than dispersions of solid octa- 
decylamine, which are also injected and form protective 
layers on the steel surface. Corrosion of copper and 
brass by amines can be ignored because the weight 
losses of these metals are at least as low as the reduced 
losses of iron obtained with these amines!’. 
Vapour-phase inhibitors (V.P.I.) are used for the 
impregnation of packing paper and protect packed 
steel parts during storage and transport ; even at room 
temperature, they sublime so strongly that the amount 
precipitated from the vapour phase into droplets of 
water formed by condensation suffices to prevent rust 
formation. Their protective action is due to the passi- 
vating effect of the nitrite ions and to the formation of 
dense, water-repellent inhibitor films. Since these 
inhibitors are practically neutral, they do not compensate 
for any acids in the condensate2°. Non-ferrous metals 
corrode more quickly if these inhibitors are added to 
water; zinc, cadmium, and magnesium are attacked 
strongly, copper and tin slightly. More recently, stabi- 
lisers have been added to V.P.I. also, to prevent corrosion 
in the liquid phase and in steam. Additions of sali- 
cylethanolamine and mercaptobenzothiazole prevent the 
rapid decomposition of ‘ Dipan’”’ in ethylene glycol 
water mixtures at operating temperatures of 75 Cc. 
Among the amino salts mentioned, cyclohexylamine 
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carbonate, which arrests advanced rust formation in the 
vapour phase”!, has proved especially efficient. 


(E) INHIBITORS FOR ORGANIC LIQUIDS 


Large-scale inhibition of organic liquids is fairly 
modern and the underlying principles are still uncertain. 


(1) INHIBITORS FOR ORGANIC LIQUIDS CONTAINING 
WATER DROPS 


Organic acids forming in the organic liquid water-insoluble, 
indispersible salts with the protected metal. 

Metal soaps, e.g., magnesium, aluminium, and calcium 
salts of fatty, naphthenic, sulphonic, and alkyl- 
phosphoric acids. 

The corresponding amino salts and various esters. 

For special conditions, free amines, emulsifying inhibitors 
and some of the inhibitors against acid attack 
mentioned in Section B(1). 


If water vapour penetrates into metallic containers 
filled for long periods with fuel oils, lubricating oils, or 
organic solvents with a low dielectric coefficient and 
hence low water absorptivity (below 0-1%), its conden- 
sates may disperse in the liquid, may be deposited on 
the walls, and may lead to noticeable corrosion, es- 
pecially since organic liquids easily pick up oxygen. 
By means of organic acid inhibitors, the metal in con- 
tact with the liquid is made permanently water- 
repellent. The adsorbed acid molecules react with iron 
and form films of iron salts, preventing adhesion of 
water drops on the metal surface (Fig. 6)?2. The 
formation of these films, which also lubricate efficiently, 
is improved by oxygen and water dissolved in the liquid. 
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Fig. 6. Rust-promoting and inhibiting effects of fatty acids. 
Iron in vaseline, with 1° water and 0:25% fatty acid. The liquid 
is kept at 60° C, stirred for 16 hours, and then allowed to settle for 
13 hours. 
The four simplest saturated fatty acids still intensify attack ; only 
those acids with more than five carbon atoms inhibit corrosion 
completely. 
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The metallic soaps, amino salts, and esters, i.e., 
relatively loose complexes of salts and acids, yield the 
same inhibiting acids by dissociation. The initial com- 
bination of the higher, strongly inhibiting acids with 
soaps or amino salts permits good dispersion in the 
organic liquid, even where the pure acids would be 
nearly insoluble. Moreover, the use of salts and esters 
reduces the danger of corrosion of non-ferrous metals. 
Zinc, copper, and lead are attacked by certain inhibiting 
acids, especially at higher temperatures, and this attack 
will be weakened if the acids are generated slowly by 
the decay of the inhibiting substance. However, copper 
must be guarded against possible attack by amines 
freed from amino salts. 

Free amines are added to combat the danger of 
acid-forming by oxidation or of acid gases penetrating 
into the organic liquid. Mineral acids and low- 
molecular fatty acids are thus neutralised, whereas the 
high-molecular acids are so loosely bound that the 
inhibiting effect remains undisturbed. Amines are used, 
e.g., with leaded motor fuels, which may be contaminated 
by hydrogen bromides or chlorides from anti-knock 
compounds. An additional protection is provided by 
the emulsifying effect of certain inhibitors, since emul- 
sions of water in oil are only slightly corrosive. Typical 
anti-acid inhibitors (Section B) provide protection against 
corrosion under hydrogen evclution when carbonic 
acids and hydrogen sulphides are found dissolved in 
petrol or crude oil. 


(2) WATER AS AN INHIBITOR 

In rare cases, the chemical reaction between a 
metal and an anhydrous liquid yields products which 
are easily soluble in the liquid but may be transformed 
to insoluble compounds by small additions of water. 
An example is the corrosion of magnesium by pure 
methanol ; addition of water transforms the magnesium 
methylate, soluble in methanol, into insoluble mag- 
nesium hydroxide and this protects the metal. Similar 
phenomena occur when aluminium is in contact with 
boiling anhydrous acetic acid or methyl chloride. 


(3) INHIBITORS FOR Hot ENGINE OILS 

Organic sulphur compounds, such as sulphurated oils. 
Organic compounds of phosphorus. 

Mixtures of the above. 

Hot lubricating oils may form very corrosive acids 
under the catalytic influence of bearing metals, especially 
the modern lead- and cadmium-rich alloys; the en- 
suing corrosion of the bearing metals is inhibited by 
the above additions, especially certain mixtures of com- 
pounds of sulphur and phosphorus, which transform 
the oxide layers, soluble in organic acids, into the more 
stable sulphides and phosphides of the respective 
metals". 
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A Balancing Machine for High-Speed Rotors 
By H. TOrNRosS. (From Ericsson Review, No. 2, 1954, pp. 62-64, 2 illustrations.) 
A new type of balancing machine, which ensures a high degree of accuracy when balancing high-speed 


rotors, has been designed by Ericsson’s, of Sweden. 


Though primarily intended for balancing gas-turbine 


rotors, the machine may also be used for rotors which do not require such extremely accurate balancing. 


HIGH-SPEED rotors require very accurate dynamic 
balancing. For example, one manufacturer of gas 
turbines specifies that the residual unbalance in turbine 
and compressor rotors must not exceed 0-01 oz-in., 
which, in a rotor of this size, corresponds to a dis- 
placement of the centre of gravity of approximately 
0:00004 in. As the manufacturing tolerances for roller 
and ball bearings are of the same order of magnitude, 
this implies that the balancing accuracy represents the 
limit of that which can be actually obtained in practice. 

For this purpose, Ericsson’s have designed a new 
balancing machine, designated type YRB 30 (Fig. 1), 
which differs in many respects from balancing machines 
hitherto manufactured by this firm. In the latter, torque 
is transmitted to one shaft end of the object through a 
link coupling attached to a driving sleeve mounted on the 
shaft end. This form of drive is unsuitable for the 
high degree of sensitivity required for cases of the type 
mentioned above, where it is difficult to produce the 
driving sleeve with the requisite concentricity to obviate 
disturbances from the coupling. In the new machine, 
therefore, the torque is transmitted directly from the 
driving motor through a plastic belt to the shaft of the 
rotor, as close to the centre of gravity as possible. When 
vibrations in a horizontal direction are measured by the 
machine, the belt must be led over the shaft vertically, 
in order to eliminate disturbances in the horizontal 
plane. Furthermore, the belt must be mounted in such 
a way that it can be easily released when changing the 
Object to be balanced. The belt-tightening device 
designed for this purpose is shown in Fig. 2. 

The principle of measurement is the same as that 
adopted in other Ericsson balancing machines. The 
rotor is suspended in two resilient bearings, which can 
execute substantially undamped oscillations in the hori- 
zontal plane. Each bearing is connected to a vibration 
indicator, which consists of a coil inserted in the air gap 
of a permanent magnet. When an unbalanced object 
rotates in the bearings at a constant speed, the latter will 
vibrate, whereupon sine-wave alternating voltages, pro- 
portional to the vibrations, are set up in the vibration 
indicators. These voltages are amplified and applied, 





Fig. 1. Type YRB 30 bal : hi 
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one at a time, to one coil of an electrodynamic instrument, 
The other coil is fed at the same time with a reference 
voltage obtained from one of two synchronous generators 
—one for each balancing plane—mounted on a shaft in a 
stand which contains the measuring equipment. This 
shaft is driven from a sleeve mounted on the shaft-end 
of the object, via a link-coupling which can be very 
light, since the necessary torque is small. The dis- 
turbance due to the link coupling will thus be negligible. 

The electrodynamic instrument will give a deflection 
under the influence of the vibration voltage and the 
reference voltage, which is dependent upon the product 
of these voltages and the cosine of the phase angle 
between them. The phase position of the reference 
voltage can be changed by turning the stator of the 
reference generator by means of a handwheel. If the 
phase position for the two voltages is the same, the 
instrument will give a maximum deflection. By this 
means the angular position of the unbalance can be 
determined. Thus, the magnitude of the deflection is 
solely dependent upon the product of the two voltages, 
and since the reference voltage is directly proportional 
to the balancing speed of rotation, which is always 
fixed for a given type of rotor, maximum deflection of the 
instrument represents a measure for the magnitude of the 
unbalance. 

The angular position of the unbalance can be read 
off directly on a scale mounted on the handwheel em- 
ployed for turning the stator of the reference generator. 
After the machine has been stopped, the object is 
turned by hand until the corresponding angular position 
can be read off on a scale located at the ingoing shaft end 
of the measuring equipment. The point to be machined 
will then be in the required position. It is also possible to 
locate the position by means of an optical position- 
marking device. This consists of two lamps—one for 
each balancing plane—which light up through a com- 
mutator mounted on each generator when the point to be 
machined in the plane concerned is facing vertically 
upwards. 

In addition to the above-mentioned electrodynamic 
instrument, the instrument panel includes a revolution 





Fig. 2. Belt-tightening device. 
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counter and an instrument on which the residual 
vibration voltages, after correction has been effected, 
can be read off for the respective planes. In this way it is 
possible to check the condition of the bearings ; this is 
of interest in cases where the rotor is mounted in the 

machine with the aid of ordinary ball or roller bearings. 
Furthermore, a change-over switch is provided for con- 
necting up the measuring equipment to the left or right 
balancing plane, a change-over switch for measuring the 
“heavy ” or “‘ light” points, depending upon whether 
material is to be removed or added, and handwheels for 
regulating the amount of amplification and adjusting the 
correction circuit. 

The machine consists of a base on which the pedestal 
bearings, the belt-tightening device and the measuring 
panel are mounted. The driving motor is installed on a 
separate foundation and the belt-tightening device is 
located on the base immediately in front of the driving 
motor. On account of the driving system adopted, the 
position of the belt-tightening device is fixed. Thus, in 
order to enable the machine to be adapted to different 
types of rotors, the pedestal bearings and measuring 
panel framework are arranged to move along the base. 

In order to eliminate aerodynamic disturbances and 


limit the driving-motor output required, the machine is 
provided with air casings for turbine and compressor 
rotors. The vital components of the measuring equip- 
ment can be readily changed, so that any servicing can 
be restricted to the replacement of complete units, such 
as amplifiers or reference-generator equipment. 

The machine can, of course, also be employed for 
rotors which do not require such extremely accurate 
balancing, such as pump rotors, fans, and the rotors of 
electric motors. A necessary assumption is, however, 
that a smooth surface must be available for the driving 
belt or that it can be applied without difficulty. The 
machine is particularly suitable for use where objects of 
varying types have to be balanced. The sleeves required 
for driving the measuring equipment can be of simple 
construction and do not call for a specially high degree 
of concentricity, so that their cost is insignificant com- 
pared with that of driving sleeves for driving the object 
through a link coupling. The machine can accommo- 
date rotors up to 40 in. in diameter and from 6 to 2000 lb 
in weight. Balancing speed is between 490 and 900 
rpm, and sensitivity is such that vibrations with ampli- 
tudes of 0:00001 in. can be measured at the slide 
bearings. 


Cost Accountancy in the Engineering Industry 
By S. HowarD WITHEY, F.B.S.C. 
Part IV. 
CREATION OF RESERVES, RESERVE FUNDS, AND SINKING FUNDS 


As demonstrated in previous articles in this series, the 
straightline method of computing and recording the 
inevitable decline in the capital value of engineering 
equipment, whereby an equal proportion of the first 
or original cost of acquisition and installation is charged 
against each year’s operations, is usually satisfactory in 
cases where the cost of repairs, renewals, lubrication, 
testing, cleaning, and overhauling of plant remains 
reasonably constant ; if, however, maintenance charges 
are rapidly expanding, it is advisable to apply methods 
which have the effect of equalising the combined charge. 
Where no reliable figures can be arrived at for balance- 
sheet purposes, it is usually necessary to subject the 
productive equipment to periodical revaluations. 

Many companies in the engineering industry now 
show under appropriate headings the total capital cost 
of equipment to-date, and separately (as a deduction) 
the aggregate amount which has been written off or 
reserved for replacement. This is not always possible, 
however, as complete inventories and detailed equipment 
records may not be available to enable the figures to be 
suitably dissected, and in cases where units of mobile 
plant and loose tools are subject to renewal within 
relatively short periods, it may be difficult to determine 
the actual cost for a given period. 

Some engineering firms make a practice of providing 
for the replacement of plant and other fixed assets by 
the establishment of renewal reserves, against which can 
be debited the full cost of maintenance; other firms 
consistently debit the full cost of upkeep directly to 
profit and loss. In some instances, a reserve is created to 
cover the cost of repairs to works equipment, even 
though the expenditure is unlikely to be incurred for 
some time, the amount decided upon being entered on 
the debit side of the repairs and renewals account at the 
date of balancing or stocktaking, and included in the 
figure transferred to the periodical profit-and-loss 
account. As some bookkeeping systems fail to ensure 
that all invoices and debiting documents received from 
plant suppliers are entered in a purchases journal or 
bought daybook, the need for making adequate reserves 
to meet a variety of contingencies is often very urgent. 
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Provision against debtor balances which are regarded 
as uncertain of collection is sometimes made by cal- 
culating a percentage of the total sum outstanding as per 
sales or customers’ ledger. In many cases, however, the 
better method is to examine very carefully all items 
enumerated in the lists of ledger balances and to compile 
a separate list of amounts known to be irrecoverable or 
which are extremely doubtful of ultimate collection, the 
total of these items being the amount to be reserved. 
Whichever method is adopted, the figure to be reserved 
should be recorded as the last item on the debit side of 
the bad-debts account, before transferring the balance 
of this account to profit and loss; it should also be 
deducted from the figure of sundry debtors, as shown on 
the assets side of the balance sheet, and not included 
among the liabilities. 

When a reserve to cover discounts and rebates 
allowable to customers is based on the total sales-ledger 
balances, the percentage rate should correspond, as 
closely as possible, with the ratio which the total amount 
actually allowed to customers during the accounting 
period under review bears to the aggregate cash received. 
Such a reserve is usually debited to discounts account 
and is deducted from the book debts, as shown on the 
assets side of the balance sheet. A reserve may also be 
created to cover discounts and rebates obtainable from 
sundry trade creditors and suppliers, the amount being 
arrived at by reference to the total sum outstanding, as 
per purchases or bought ledger; if a percentage is 
adopted, it may be the average rate obtainable or it may 
correspond with the ratio which the total of the dis- 
counts and allowances actually obtained during the 
period bears to the sum paid out to creditors. This 
reserve should be recorded on the credit side of the 
discounts account and should be deducted from the 
figure of sundry trade creditors appearing on the lia- 
bilities side of the balance sheet. 

Some engineering firms possess reserves which are 
not disclosed in their published accounts, and many 
have reserves while at the same time sustaining financial 
losses on contract work. The market value of certain 
assets may be much higher than the figures standing in 
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the books ; additions, extensions, or improvements of a 
capital nature may have been charged against the revenue, 
and such assets as goodwill and trade marks are some- 
times omitted from balance sheets. In some instances 
the value of the stocks on hand and engineering work in 
progress, as shown in the final accounts, may be very 
considerably lower than the actual value; all these are 
forms of secret or hidden reserves. 

Between a reserve and a reserve fund there is a 
difference which is not always fully appreciated by 
engineering firms. Strictly speaking, a reserve is an 
amount charged against revenue or profits for the 
purpose of covering, wholly or in part, an anticipated 
loss or expense, and all such provisions should be re- 
garded as essential charges to be made in the accounts, 
even though the result should be a financial loss or debit 
balance. On the other hand, a reserve fund consists of 
amounts which have been allocated out of profits in 
order to meet certain contingencies. It is impossible to 
build up a reserve fund in any way other than by means 
of appropriations from profits which have actually been 
realised. 

This was emphasised in a case where a firm sustained 
a financial loss immediately following the creation of a 
reserve fund. Assets at the end of December 1952 
totalled £50,000; trading liabilities at the same date 
aggregated £33,000, while under the heading of ‘‘ Capi- 
tal’? appeared the amount of £5,000, representing capital 
originally introduced. The difference of £12,000 repre- 
sented accumulated profits to-date and it was decided to 
transfer £10,000 to a reserve fund, the effect being to 
reduce the credit balance of the firm’s profit-and-loss 
account to £2,000. During the following year, however, 
accounts revealed a net loss of £2,400, and it was ne- 
cessary to transfer £400 from the reserve fund in order to 
wipe out the deficiency. 

With the object of ensuring that sufficient funds will 
be available for the acquisition and installation of the 
most modern engineering equipment, many British 
producers have now built up or have created sinking 
funds without being obliged to make any serious inroads 
on their resources available for ordinary repairs, re- 
newals, and general maintenance of fixed assets. For 
example, the plant and equipment employed by one 
company, as at June 30th, 1954, had a book value of 
£47,750, this figure having been arrived at after writing 
off depreciation due to wear-and-tear and obsolescence 
over a number of years. The amount was shown on the 
company’s balance sheet under the heading of Machinery 
and Plant; having regard to the many improvements 
in design, construction, and performance which have 
been achieved during recent years, it was decided to 
create a sinking fund with the object of securing the 
sum of £60,000 in ten years’ time for the installation of 
the most up-to-date engineering plant and equipment. 

In accordance with this decision, arrangements were 
made for the payment of ten annual premiums carrying 
compound interest at the rate of 3% ; for the purpose of 
determining the precise amount to be invested each year, 
a special table was compiled, giving decimals required to 
earn £1 over different periods at varying rates of interest. 

From this table, the decimal required to produce £1 
in 10 years at 3% compound interest is 0:087231, which, 
when multiplied by 60,000 (representing the sum it is 
desired to secure), gives £5,234 (to the nearest £1). 
Accordingly, an Investment Account was opened in the 
company’s private ledger, and this account will be 
debited with £5,234 each year, also with compound 
interest at the rate of 3%, the annual premiums being 
posted direct from the payments side of the general cash 
book, and the items of annual interest credited to a 
Sinking Fund Account kept in the same ledger. Upon 
realising the investment ten years hence, the funds will 
be available for the acquisition of modern units and 
groups of plant and equipment, all items of capital 
expenditure being debited to an Engineering Equipment 
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Account as direct postings from the company’s cash book 
or purchases journal, as the case may be. The invest- 
ment account will thus show the following entries :— 



















































































Debit INVESTMENT ACCOUNT Credit 
July 1954 June 1955 £ 
To Premium ae 5,234 By Balance c/down .. 5,391 
June 1955 
To Interest oe 157 
£5,391 £5,391 

July 1955 June 1956 
To Balance b/down .. 5,391 By Balance c/down .. 10,944 
July 1955 
To Premium ae 5,234 
June 1956 
To Interest i 319 

£10,944 £10,944 
July 1956 June 1957 
To Balance b/down.. 10,944 By Balance c/down .. 16,663 
July 1956 
To Premium oe 5,234 
June 1957 
To Interest eee 485 

£16,663 £16,663 
July 1957 June 1958 
To Balance b/down.. 16,663 By Balance c/down .. 22,554 
July 1957 
To Premium 34 5,234 
June 1958 
To Interest “ 657 

£22,554 £22,554 
July 1958 June 1959 
Te Balance b/down.. 22,554 By Balance c/down .. 28,621 
July 1958 
To Premium eS 5,234 
June 1959 
To Interest Sc 833 

£28,621 £28,621 
July 1959 June 1960 
To Balance b/down.. 28,621 By Balance c/down .. 34,870 
July 1959 
To Premium ite 5,234 
June 1960 
To Interest << 1,015 

£34,870 £34,870 
July 1960 June 1961 
To Balance b/down.. 34,870 By Balance c/down .. 41,307 
July 1960 
To Premium a 5,234 
June 1961 
To Interest os 1,203 

£41,307 £41,307 
July 1961 June 1962 
To Balance b/down.. 41,307 By Balance c/down .. 47,937 
July 1961 
To Premium ar 5,234 
June 1962 
To Interest ee 1,396 

£47,937 £47,937 
July 1962 June 1963 
To Balance b/down.. 47,937 By Balance c/down .. 54,766 
July 1962 
To Premium na 5,234 
June 1963 
To Interest me 1,595 

£54,766 £54,766 
July 1963 1964 
To Balance b/down.. 54,766 By Cash Received on 
July 1964 Realisation . . -. 60,000 
To Premium is 5,234 

£60,000 £60,000 
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New Materials, Processes and Equipment 











COMBINATION SPAR- AND SKIN-MILLING 
MACHINE 


What is claimed to be the world’s largest combination 
spar- and skin-milling machine has recently been put 
into operation by the Douglas Aircraft Company at their 
plant in El Segundo, California. 






The intricate mill, which is used in the manufacture 
of supersonic aircraft, weighs 250 tons and can machine 
entire sections of an aircraft from thick aluminium plate 
40 ft in length by 10 ft in width. The mill is 90 ft in 
length, 30 ft in width, and 26 ft in height, and is sen- 
sitive to tolerances of 0:0015 in. The milling of a typical 
wing from a piece of 2-in. plate, 8 ft long by 4 ft wide, 
showed that the number of parts could be reduced from 
29 to one, and that 1300 rivets could be eliminated, by 
means of the new machine. 

An outstanding feature is the automatic cutting-head 
control, by means of a template which permits the 
milling of intricate sections at speeds as high as 7200 
rpm. Three cutting heads, two of which are shown in the 
illustration above, are provided. Work is placed on a 
40-ft welded steel table which moves on rails at a speed 
of 150 ipm, beneath a portable bridge, from which two 
operators manipulate the push-button control boards, 
as shown below. 





The mill uses 12 drive motors totalling approxi- 
mately 350 hp, exclusive of 18 motors and generators 


delivering the power supply. A 20-hp motor drives the 
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worktable, while smaller motors move the cutting heads 
on their guide rails. Metal chips routed out by the three 
cutting heads are carried away at a rate of 900 cu in. per 
minute by streams of cutting fluid along each side of the 
worktable, as shown above in close-up. 

The two operators adjust the 40-foot table to the 
required taper and instal the appropriate cutters. 
Aluminium plate stock is then mounted on the table by 
manual clamps and vacuum chucks built into the table. 
Working on the overhead bridge, the operators adjust 
the cutting heads for correct dimensions of the proposed 
part, one operator switching on the necessary motors, 
while the other attends to another panel which auto- 
matically controls the variable motions of the three 
cutters. 


HYDRAULIC SCRAP-METAL BALING PRESS 


The range of hydraulic scrap-metal baling presses 
manufactured by Fielding & Platt Ltd., of Gloucester, 
has been increased by the addition of a small version of 
this type of equipment. The new machine, designated 
the type S.C.B.I. baler, is a sturdy and compact unit, 
fully self-contained with oil hydraulic pumping equip- 
ment, controls, etc. It can be installed with the mini- 
mum of site, space, and foundation requirements, and is 
suitable for converting ferrous and non-ferrous light 
sheet scrap metal into bales which can be conveniently 
handled for re-melting. Furthermore, it can be operated 
simply and efficiently by unskilled labour under arduous 
conditions. 

Initial compression of the bale is effected by means of 
the falling box cover, which is actuated by a hydraulic 
cylinder and ram of forged steel. To ensure clearing of 
the materials from the box during the initial compression, 
the sides of the box adjacent to which the cover will 
pass and the top of the door are fitted with special 
serrated shearing edges, which are hard-faced and 
double-edged for double wear before replacement, 
while the edges of the cover are fitted with shear-steel 
strips. The final or horizontal compression is effected by 
means of a horizontal cylinder and ram mounted within 
the main frame of the press, the cylinder and ram being 
of forged steel, whilst the ram head is of alloy cast iron. 
The pressing plate attached to the ram head is fitted with 
an alloy-steel wearing plate. A substantial door forms 
the end of the baling box, and this is operated manually, 
so that, when a bale is finally compressed, the door can be 
swung open and the bale ejected through the now open 
door by means of the horizontal pressing ram. 
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E didn’t look good at al!. All the marks of a long spell 
of strain. ‘‘ For months I’ve been doing the impossible ”’, he 
bawled, as we threaded our way through the factory. ‘And because I did 


‘t last time they think I can do it again. Not a square inch of floor space, and now 





I’m told to find room for a test bench .. . **” We stopped him before he exploded. 
Gently we told him his 
worries were at an end. We were from 

Yale. We'd been called in by the management 
to plan a new scheme for materials handling. 
‘** Materials handling? .. . that’s what I told them 
six months ago! Clear at least three aisles and we 
could stack to the end bay northlight ... 

Well, well. Here, let me show you the annexe...” 


He moved like a different man. He had ideas. 

We had ideas. Together we plotted a 

scheme that gave him just what he wanted. And, not 
surprisingly, we pleased the management too — 


when they saw the turn their costs would take. 


We have at your disposal technical staff who 
will be glad to visit you at any time and 
demonstrate how Yale products can solve 

. materials handling problems and reduce 


production costs. 





THE WORKSAVER this is the Yale MATERIALS 
““Worksaver”’, an extremely compact and manoeuvrable HANDLING EQUIPMENT 


battery-operated truck specially suitable for smaller plants. 
It is made in five versions — pallet, high-lift platform, Made in England by 


series, and other materials A L t 


handling equipment in the Yale range, write or phone: REGISTERED TRADE MARK 


low-lift platform, fork-lift and tractor. 


’ 





For details of the ** Worksaver’ 


THE YALE & TOWNE MANUFACTURING COMPANY, MATERIALS HANDLING DIVISION, DEPT. P.11, WEDNESFIELD, STAFFS. WILLENHALL 630 
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For operating the press, a two-stage radial pump is 
employed, giving a maximum delivery output of 2:25 
gpm at 2 tsi. The pumping unit is a compact arrange- 
ment, with its driving motor and overhead hydraulic oil 
supply tank arranged on a combined motor and pump 
bedplate. The oil supply has a capacity of approxi- 
mately 35 gal and is coupled to the pump through a 
suitable low-pressure isolating valve. The tank is 
provided with a dial-type contents gauge and an internal 
filter screen. 

The approximate weight of the bale is from 28 to 112 
lb, the maximum hydraulic working pressure is 2 tsi, 
and the specific pressure on the material is 30 tons per 
sq ft. The estimated output of the press is from 35 to 
40 bales per hour. 


DUPLEX SHELL-MOULDING MACHINE 


What is claimed to be the only shell-moulding 
machine in the world capable of making moulds of 
13 in. in depth is the ‘‘ Shellmolda Altus,” manu- 
factured by Fairbairn Lawson Combe Barbour Limited, 
of Leeds. The effective size of the pattern plate of this 
duplex machine is 16 x 16 in. and 16 x 12 in. The 
fabricated framework carries two moulding units, each 
comprising a gas or electrically heated oven for pre- 
heating and curing, with pneumatically operated doors, 
adjustable top ejector mechanism, and automatic 
receptor motion. These units are served by a central 
dump box with a capacity of 220 lb, operated pneu- 
matically and controlled electrically. 





The moulding units are arranged to permit the use of 
a pattern 13 in. in height or depth, and to give ample 
final ejector clearance of the mould from the pattern 
plate. The curing ovens are fitted with temperature 
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indicators, thermostatically controlled regulators, and 
all internal piping or wiring. Furthermore, the machine 
is supplied complete with spray guns, blowing nozzles, 
air transformers, air-flow regulators, speed valves, and 
all piping suitable for connection to compressed-air 
supply mains. Air pressure is 80 psi. 

The machine, the dimensions of which are 12 ft 2 in. 
< 3 ft x 7 ft 4 in. in height, is of simple design and is 
easy to operate, all necessary equipment being con- 
veniently located, requiring a minimum of physical 
effort on the part of the operator. All operations, 
investing, curing, and ejection are always within the 
operator’s control, and a constant rate of output can 
easily be maintained. 


COMBINATION MAGNETIC AND FABRIC 
TANK-TYPE FILTER 


Two principles of conditioning soluble oil coolants 
and mineral cutting oils are employed in the “‘ Barnesdril 
Kleenall ” combination magnetic and fabric tank-type 
filter marketed by Gaston E. Marbaix, Ltd., of London, 
S.W.11. This compact unit is designed to use the 
‘* Barnesdril ” magnetic separator drum combined with 
a filtering area in which the coolant passes through a 
fabric of specific porosity. The fluids are first exposed to 
an intense magnetic field by passing through a flow 
channel surrounding the rotating magnetic drum. 
Ferrous metal particles and entrained abrasive materials 
are attracted and held by the strength of the magnetic 
field until they are rotated from the flow channel to a 
point where they are scraped off and removed from the 
system. The coolant then flows to the filtering area, 
where it forms a pool on a supported fabric apron. 





The filtering area is designed to provide a mechanical 
seal at the edges of the fabric and to permit a pool of 
coolant up to 5 in. deep. This head of liquid promotes 
rapid flow through the filter medium. The design 
permits the filtering area to extend over the full width 
of the fabric and thus fully utilises all the fabric surface 
for filtering. The expended material is, therefore, held 
to a minimum. The coolant filters through the fabric 
medium, and all non-magnetic particles are retained on 
the surface of the fabric. Fabrics of varying density are 
available, and the proper type of fabric to control the 
degree of coolant clarity and the flow rate required can be 
predetermined to meet any set of conditions. The flow 
of coolant is controlled by a float mechanism which 
moves the fabric automatically when the liquid in the 
pool reaches a predetermined depth. As the fabric 
moves through the filtering area, the expended material 
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PIES here are certain physical and mechani- economically in quantities as low as a 
cal requirements expected of every bushing but, hundred or two. 
provided these can be met there is no need for If these factors mean something to you then op 
elaboration. We are bold enough to think (and we let us send you details of our standard range. Spt 
have no mean experience) that subject to a small _ Better still, let us have details of your require- 
adjustment in the mechanical design, one of our ments and our Technical Department will sta 
stock cylindrical bronze bearings could often be gladly advise. oni 
used where a special type is asked for. As we make up 


both we don’t really mind which is going through f } Tc 
our machines, but we do know which can some- () M p C) ol 
times be to the buyer’s advantage. Stock sizes Br 
really are in stock, therefore there is no waiting . 

time for manufacture. Because they are made in Geintlard Sipe 
far larger quantities the prices are lower. Because aa 
they are supplied off-the-shelf theycan be bought BRONZE BEARINGS pr 





tio 





BOUND BROOK BEARINGS LTD., TRENT VALLEY TRADING ESTATE, LICHFIELD, STAFFS 
Telephone : Lichfield 2027-2028 (A Birfield Company) Telegrams : Boundless, Lichfield m 
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collects the swarf scraped off the magnetic drum and 
deposits all waste material into a sludge pan for easy 
disposal. 


HORIZONTAL-SPINDLE TWO-HEAD GRINDER 


A special, high-production two-head grinder, de- 
signated 723-23”, for grinding the closed end of auto- 
motive valve tappets, is announced by the Gardner 
Machine Company, of Beloit, Wisconsin. 

A heavy, welded steel base supports the two grinding- 
head slides upon dovetailed ways. Hardened and ground 
steel plates serve as races for precision ball bearings, 
ensuring ease of movement. Each spindle is 3-937 in. 
in diameter in the bearings at the wheel-collar end. A 
double roller-type bearing takes the radial load, while 
two ball thrust bearings carry the thrust load. Each 
head pivots, to adjust angularity of the grinding wheel. 
Each grinding-head slide is provided with an automatic 
feed, but can also be operated manually. A caliper on 
each head registers from the ground surface when 
insufficient stock is being removed, moving in the head a 
predetermined amount. Counterweights hold each head 
in against an adjustable stop. A power-operated swinging 
dresser is provided for each head. Dressers are enclosed 
within the head and are mounted at the rear. 





A rotary work carrier of the “ V ” notched type is 
operated through a variable-speed drive unit, permitting 
speeds within a 3 to 1 ratio. A chain ‘‘ hold-down ” 
attachment keeps the tappets in the carrier during 
grinding. An inclined trough, into which the tappets are 
stacked, permits the work carrier to pick up these parts 
one at a time as it revolves. Unloading is by gravity. 
Production is stated to be 2400 tappets per hour, based 
upon 0-028 to 0-038 in. maximum stock removal. 
Tolerance is within 0-002 in. for uniformity. 

Burton, Griffiths and Company, of Birmingham, are 
- Tepresentatives of Gardner machines in Great 

ritain. 


GEAR-GRINDING MACHINE 


The “ Heligrind ” gear-grinding machine, designed 
and manufactured by Stuart Davis Ltd., of Coventry, 
provides a continuous grinding action, giving a high rate 
of stock removal. The machine is essentially a produc- 
tion machine in which gears can be ground from the 
solid in hardened steel at rates comparable with those 
obtained by hobbing. 

The wheel is formed automatically by the crushing 
method, the extremely compact unit being of rigid 
construction and mounted at the rear of the wheel. This 
unit provides a very rapid method of truing and produces 
an extremely free cutting wheel. A freely rotating, 
annularly grooved roller of the desired pitch and form is 
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traversed in timed relation to, and across, the surface of 
the wheel. Pick-off gears are provided to cover the 
ratios required, and an adjustable sine bar is incor- 
porated, to bring the traverse ratio within the accuracies 
required. By this method, it is possible to regulate the 
traverse rate to accuracies within 0-001 in. Moreover, all 
pitches within the capacity of the machine can be 
catered for by simple adjustment and without the need 
for special equipment. 

The formed wheel is fed into position and the 
rotating workpiece is fed upwards past the wheel. Thus, 
the spiral ribbed wheel, acting on the synchronised work, 
produces a gear tooth developed from the basic rack. 
There is no loss of time for indexing the work, and the 
whole process is rapid and continuous. It should be 
noted that this process can replace gear cutting entirely 
on suitable gears, splines, serrations, etc., giving a better 
finish and greater accuracy. For heavier diametral 
pitches, pre-cut gears can be ground at speeds hitherto 
unobtainable. 

With the “ Heligrind ” machine, model No. H.G.1, 
the maximum diameter of the work is 4 in., and the 
maximum grinding length 3 in. Maximum pitch ground 
is 20 DP, and minimum is 50 DP. 


COOLANT AERATOR 


The use of coolants on lathes, milling, grinding, and 
other tools is essential, but present methods of appli- 
cation have resulted in many disadvantages. A prime 
objection is coolant splash, from both the “‘ bounce 
action ”’ on metal surfaces and from liquid thrown off by 
centrifugal force. Makeshift baffles and exhausts used 
in many plants have served only partially to keep 
machine operators and floors dry. The constant splash of 
coolants throughout the area serves as a major hazard. 

The “‘ Mel-O-Flo” coolant aerator, manufactured by 
Melard Manufacturing Corporation, of New York, com- 
pletely eliminates splash, offering the safety factor of dry 
floors, as well as effecting a saving in production and 
tool life. The aerator is connected directly to the coolant 
line, no special plumbing being needed, and mixes 
atmospheric air with the coolant, resulting in a non- 
splash aerated mixture. Aerated coolants cling to work 
and tools, reducing throw-off, while the superior wetting 
action of the aerated coolant accelerates heat dissipation. 
This, it is claimed, results in better cooling, longer tool 
life, and increased production. 

The aerated coolant leaves no vapours and helps to 
maintain healthy, safe working conditions. The non- 
splash action eliminates waste of coolant. All soluble 
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= you have 
trouble with belt-destroying 
drives, fit a patented Endless 
Cord belt. Uniquely constructed j re) a c S 
it can carry loads one-third greater 

than other belts of equal thickness. 

And it permits greater speeds over small 

pulleys! There are no splices, no 

fasteners to weaken or give way. There 

are six weights in a comprehensive range of 

widths and lengths — a range that covers every 
possible drive requirement. 

The Goodyear Maintenance Manual, available free 

to you on request, contains much helpful and practical 
advice and information on the care of all industrial rubber 


products. Write for your copy to Dept. K10, The Goodyear 
Tyre and Rubber Co. (G.B.) Ltd., Wolverhampton. 
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and light oil coolants now employed can be used with the 
device, so that no change in material or equipment is 
required. An important feature is the built-in self- 
cleaning mechanism. Whenever the coolant supply is 
turned off, the aerator is automatically purged of chips 
and sludge, thus permitting uninterrupted machining. 


HIGH-FREQUENCY ALTERNATOR WITH A 
PERMANENT-MAGNET FIELD 


A small high-frequency inductor alternator (the 
subject of a British patent application), in which the 
excitation is provided by a permanent-magnet instead of 
a d.c. field winding supplied from an external source, 
has recently been developed by the British Thomson- 
Houston Co. Ltd., of Rugby. The machine is com- 
pletely self-contained and, quite apart from a saving in 
cost in not having to provide a separate supply for ex- 
citation, makes for greater reliability, as the output is 
quite independent of any other supply. 

The machines at present being built have a contin- 
uous output rating of 250 VA, 115 V, 1600 cps, at 2400 
rpm. They are totally enclosed, water-tight up to the 
shaft level, and are fully shockproof. However, one of 
these machines of comparable physical size, with a 
ventilated enclosure, would be capable of outputs of up 
to 1 kVA. 

The alternator, the general construction of which is 
shown in the accompanying illustrations, is of the 
homopolar inductor type, with an annular magnet of 
“* Alcomax III” incorporated in the rotor and with a 
rotor shaft of non-magnetic steel. A magnetising coil is 
wound over the magnet, the ends being brought out to 
terminals mounted on the rotor end-flange; during 
manufacture, a current of about 100 A is passed momen- 
tarily through this coil to magnetise the rotor in an axial 
direction. 





An important feature of the design is that the rotor 
may be removed from and replaced in the stator without 
loss of magnetism. However, if the rotor itself is dis- 
mantled, it is mecessary to re-magnetise it after re- 
assembly, but this can be effected quite easily by using 
the coil provided, without the need for any special jig. 
Tests show that the rotor magnetism is not affected by 
even the most drastic short-circuits applied to the output 
winding, i.e., by short-circuiting through a series capa- 
citor which resonates with the winding inductance at the 
operating frequency. 

Provision is made for sufficient voltage adjustment to 
cover variations in manufacture and materials by varying 
the angle of offset between the teeth of the two rotor 
cores. As is usual with high-frequency alternators, a 
capacitor is connected in series with the alternator 
winding, to improve the load-regulation characteristic ; 
with such an arrangement, the regulation from full rated 
load to open circuit may be as low as 20°. For many 
applications where very close voltage regulation is 
unnecessary, or where the load varies over a small range 
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only, the permanent-magnet machine is eminently 
suitable and has distinct advantages over a conventional 
machine with d.c. excitation. 

The new machine was designed initially for use as the 
pilot exciter of a turbo-alternator set with “‘ Magnestat”’ 
automatic voltage regulation, the permanent-magnet 
alternator providing the magnetic amplifier with a 
convenient high-frequency supply. 


EXHAUST MUFFLER 


A new air-exhaust muffler, designed to eliminate a 
major source of noise caused by high-velocity discharge 
from air-actuated devices, has been included in the 
“* Automuffler”’ line by its manufacturer, the Allied 
Witan Company, of Cleveland, Ohio. 

The new muffler, known as series ‘“‘ HC,” operates 
on the company’s basic patented opposed radial-flow 
silencing principle. It employs an aluminium deflector 
shield designed to form an acoustic chamber which 
minimises direct contact of the disseminator by the high- 
velocity air stream, without sacrificing radiation surface. 
This shield also acts as a condenser, precipitating mois- 
ture present in the air system, and thus keeping vapour 
spray to a minimum. A functional feature of the 
deflector shield is to confine the high-velocity exhaust 
air, diverting the air stream to the axis of the silencing 
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PHILIPS INDUSTRIAL HIGH 
FREQUENCY HEATING EQUIPMENT 


Philips Electrical Limited manufacture a wide range of 
High Frequency Generators and allied equipment for Induction 
and Dielectric heating applications, ranging, in the case of 
Induction heating, from the large 160 kW. generator down to 
one of only 24 kW. Philips extensive experience in many 
branches of industry has been utilized in the design and 
construction of these generators. Three popular models are 
described below: 


F.280 (160 kW) Generator : 


Max. Power output at terminals 160 kW Cont 

Max. Power required from Mains 300 kVA 

Power Factor 0.9 

Mains Supply Voltage — 380/440v. 3-ph 50 cycles 

Nominal Frequency 200 kc/s 
F.50 (25 kW) Generator : 

Max. Power at Terminals 25 kW 

Max. Power required from Mains 50 kVA 

Power Factor 0.9 

Mains Supply Voltage — 380/440v. 3-ph 50 cycles 

Nominal Operating Frequency 350 kc/s 
F.5 (23 kW) Generator : 

Max. Power at Terminals 24 kW 

Max. Power required from Mains 5 kVA 

Power Factor 85 

Nominal Operating Frequency 520 kc/s 


Other Philips Generators available are :— 

F.150 (80 kW) Induction Heating Generator 
F.100 (50 kW) Induction Heating Generator 
F.26 (14 kW) Induction Heating Generator 
F.18 (10 kW) Induction Heating Generator 
F.13 ( 6 kW) Induction Heating Generator 
DF.1500 (750 W) Dielectric Heating Generator 
DF.6 (3 kW) Dielectric Heating Generator. 

All the above generators conform to BSS. 1799. 


PHILIPS also manufacture a range of allied equipment including 
Work Inductors and Concentrators, Flexible Water Cooled H.F. 
Leads, H.F. Change-ove Switches, and Melting Units. For full 
information, please write to the address below. 





PHILIPS ELECTRICAL LTD 


INDUSTRIAL GROUP, CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2 


ARC & RESISTANCE WELDING & EQUIPMENT, H.F. GENERATORS, 
MAGNETIC FILTERS, ELECTRONIC INSTRUMENTS, ETC. 














F.280 (160 kW) Generator : This is the largest valve- 
driven electronic heating generator fin Europe, and its 
design incorporates the most modern features. 








F.50 (25 kW) Generator: A medium-sized equip- 
ment which is in constant demand in many industries. 




















F.5 (2 kW) Generator: Compact and extremely 
versatile, this low-powered equipment has proved 
increasingly popular. 





A74 


(HF271) 


THE ENGINEERS’ DIGEST 





chan 
diffu 
imp 
defle 
disse 


silen 
whe! 
cycli 
are [ 
to th 
posit 


Jam« 
mari 
nece’ 
swit¢ 
drav 
smal 


V-be 
hollc 
justa 
head 
colla 
posit 
one | 
hold 
and 

elect 
acce: 
extra 


mod 
ever’ 
effec 


for < 
by 1 
Mid 


their 
stror 
effici 
desig 
speci 


| i 





ve- 
its 








sly 


ed 


rT) 





chamber in a criss-cross flow pattern, permitting the 
diffused air mass to penetrate the disseminator. High 
impact and friction wear is considerably reduced by the 
deflector shield, resulting in greatly increased life of the 
disseminator and a higher safety factor. 

These mufflers are recommended for the optimum 
silencing of air devices operating at high air pressures 
where the air has high moisture content, on rapid 
cycling equipment, and where air-borne dust particles 
are present in the air system. They are attached directly 
to the exhaust aperture, will operate satisfactorily in any 
position, and require no additional piping. 


SLOT-MILLING MACHINE 


The “‘ Jag ” slot-milling machine, manufactured by 
James Gerard, of Stockport, has been produced pri- 
marily to deal with the numerous light milling operations 
necessary for the production of electrical instruments, 
switchgear, meters, scientific equipment, small tools, 
drawing instruments, typewriters, sewing machines, and 
small parts generally. 





The cast-iron headstock encloses a_ three-speed 
V-belt and final gear drive. The No. 1 Morse-taper 
hollow spindle and pivot shaft are mounted on ad- 
justable ball bearings in cast-iron housings attached to the 
headstock. A No. 1 M.T. cutter arbor with spacer 
collars is included. A feature of this machine is the two- 
position workholder, which has two workholding stations, 
one in the form of a machine vice, the other arranged to 
hold collets. The machine is complete with swarf chute 
and chip tray and a totally enclosed surface-cooled 
electric motor. If required, a combined stand and 
accessory cabinet and a coolant pump can be fitted as 
extras. 

Whilst the machine illustrated is standard, the 
modifications necessary to make it suitable for practically 
every type of light industry are not complex and can be 
effected at very little extra cost, if any. 


MULTI-PURPOSE WASHING MACHINE 


A multi-purpose washer, designed to meet the need 
for a small, compact, and efficient unit, is announced 
by the Alfa-Laval Company Limited, of Brentford, 
Middlesex. 

Known as the “‘ Paraminor,” and developed from 
their larger “‘ Parawash ” equipment, the washer is of 
strongly welded steel construction and incorporates an 
efficient hand-operated pump of simple and exclusive 
design, capable of delivering over 300 gph at 20 psi. A 
specially designed multi-head jet unit can be adjusted for 
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fine or coarse sprays or for a solid jet. An effective, 
easily cleaned filter is fitted ; filter-medium replacement 
costs are only a few shillings yearly. The sump has a 
capacity of 2 gal of cleaning fluid. The complete unit 
measures 15 in. x 19 in. 23 in. in height, and can be 
mounted on any bench or tool locker without fixing ; 
furthermore, no electricity, gas, or water is required. 

The “ Paraminor ” is designed for paraffin, white 
spirit, or a cold cleanser, but it can also be used for 
oiling new parts before storage or assembly, besides 
being adaptable for coating parts with rust preventative, 
etc. In the machine shop, this equipment should there- 
fore be invaluable for removing swarf and oil from 
turned parts, gears, etc. between operations or before 
inspection or storage, and in the fitting shop for washing 
bearings, etc. before assembly, cleaning components for 
inspection, and removing rust preventative from new 
parts. 


MINIATURE RECORDER 


In accordance with the modern trend towards 
miniaturisation in industrial control equipment, Ever- 
shed and Vignoles Limited, of Chiswick, London, W.4, 
announce their miniature recorder, intended at present 
for the measurement of voltage or current, a.c. or d.c., 
and for temperature measurement operating directly 
from base-metal thermocouples. 

The instrument case, which is constructed of 
aluminium, measures only 4} « 9 in. » 6} in. in height, 
and is adaptable for either flush or projection mounting 
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POWER + STEAM = SAVING 


The 730 kVA diesel plant installed at the Broadfield Mill of J. W. & R. Healey & Co. Ltd. 
provides not only all the mill’s power requirements but, using engine exhaust gases, raises 
steam for space heating and processing. 

Two Mirrlees ‘‘J’’ type six-cylinder diesel engines each developing 420 b.h.p. at 750 f.p.nt. 
form the heart of this installation shown below; each engine coupled to a Brush 365 kVA 
alternator. With the two generating sets carrying the full load of the mill, sufficient waste- 
heat steam is raised to cover all heating and processing needs. 


Send for publication No. 1483 giving details of textile power applications, 


DIESELS FIRST 


Mirrlees, Bickerton & Day Limited - Hazel Grove - Stockport - Cheshire - Telephone: Stepping Hill 3841 (14 Lines) - Telegrams and Cables: Mirrlees, Telex, Manchester 


THE ENGINEERS’ DIGEST 














MR 500 








by means of special steel straps ; alternatively, a leather 
sling with a carrying handle is supplied for use when 
required as a portable instrument. By opening the front 
of the recorder, the clock and movement unit is partially 
withdrawn from the case, as shown in the illustration, 
giving easy access to all points which may require 
adjustment during normal use. It is in this position, too, 
that the chart and record ribbon are changed. 

The recorder is of the tapping type, and 12 taps, and 
consequently 12 recorded points, are made on the chart 
per minute, at a chart speed of 0-5 in. per hour. The 
chart has straight time lines and hence rectangular co- 
ordinates, a feature which enables the record to be read 
very easily and to be readily integrated, if desired. The 
chart, which is 2 in. in width, can be printed to suit any 
particular calibration for 24-hr operation. Change- 
gears are provided, to give chart speeds of 0-5 in., 1 in., 
10 mm, or 20 mm per hour. Sufficient tape is housed to 
provide for 31 days duration at 0:5 in. per hour. The 
self-starting synchronous motors used can be supplied 
for 230 V, 50 cps; 110 V, 50 cps; or 110 V, 60 cps 
operation. The recorder movements are of the moving- 
coil and rectifier-operated moving-coil types, with a 
sensitivity down to 1 mA for full-scale deflection with 
a resistance of 250 ohms. The speed of response is 
0-8 sec for full-scale deflection, and the maximum self- 
contained ranges are 500 V and 10 A. 


OPTICAL SLIDE-RULE 


A projection type of calculating machine, intended 
to be used in place of the normal slide-rule, has been 
developed by Filotecnica Salmoiraghi S.p.A., of Milan, 
Italy. The new instrument, which measures approxi- 
mately 43 « 93} x 8 in., provides far greater accuracy 
than that obtainable with the normal slide-rule, though 
operation, which is easily effected with the left hand, 
leaving the right hand free to write down results, is 
basically similar. Furthermore, the size of the figures, 
projected on a ground-glass screen by a lamp and 
optical system, is such as to make the effort of reading 
considerably less than that required with a 10-in. slide- 
tule. As a result, to obtain comparable accuracy, the 
length of an equivalent slide-rule would have to be in the 
neighbourhood of 8 ft. 





The instrument can be supplied with different scales, 
in accordance with requirements. In the model illus- 
trated, these scales, reading from top to bottom, are as 
follows :—Sine, tangent, reciprocal (1/N), N, N, N’, 
N°’, log N, and small angles. Setting of the scales is 
effected by two dials mounted on top of the instrument ; 
one of these controls the four upper scales, and the 
other the five lower scales. Locking of scales is by means 
of a small lever at the left of the instrument. Supple- 
mentary scales are engraved on the dial knobs for easy 
range-finding. 
NOVEMBER, 


1954 Volume 15, No. II 


-of external circuits. 


AUTOMATIC TIMER AND CYCLE CONTROL 


A new automatic timer and cycle control sensing 
device, for controlling any electrical machine operating 
through a cycle, has been introduced by the Johnson 
Fare Box Company, of Chicago, and is stated to provide 
a compact, dependable, and inexpensive unit with wide 
applications for timed quantity measurements in pro- 
duction processing of liquids or solids; for coin- 
operated vending machines; and for sequential pro- 
duction operation. 





The cycle of operation may be set to meet any 
specific requirement—2 seconds or 2 weeks. Asa result, 
this unit can control almost any automatic electrical 
equipment, with the additional advantage of eliminating 
relays and certain circuits previously required. Further- 
more, it controls a given cycle from beginning to end. 
In the event of any interruption, the normal cycle is 
completed, and the machine shuts off, to prevent loss 
of material. After the interruption is cleared, the device 
automatically resets the cycle for normal operation. 


INDUSTRIAL ELECTRONIC RELAY 


The MEK-2403 electronic relay, manufactured by 
Machinery Electrification, Inc., of Northboro, Massa- 
chusetts, is designed for those applications requiring a 
compact, inexpensive electronic relay suitable for in- 
dustrial use, and offers an advantage over ordinary 
magnetic relays in that it will operate dependably with 
a relatively poor initiating contact. 

The relay, which is of simple design and is easily 
installed, permits the presence of a high resistance in its 
control or initiating circuit. Contact resistance of up 
to almost one megohm can be tolerated across the 
initiating contacts. Control-circuit voltage and current 
are extremely low, permitting the use of delicate con- 
tacts with minimum separation. Arcing across control 
contacts is eliminated, and unprotected contacts do not 
present a hazard. Load contacts are provided for control 
This provides a means of operating 
load circuits from delicate mechanisms or contacts, 
liquids, or extremely 
light pressures which 
normally are not cap- 
able of performing this 
function directly. Load 
contacts are effectively 
protected, to prevent 
the entry of dust or dirt. 

This medium-sensi- 
tivity relay is recom- 
mended for stop-motion 
applications, gauging 
operations, control of 
various devices from 
contact-making instru- 
ments, and for many 
other applications 
where positive-acting, 
trouble-free operation 
is desired. 
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Take SEMS from cold stot 





Vibration-proof, Speedier and Cost-reducing 


G.K.N.’s Sems Fastener Unit has already proved its worth to the refrigeration 
industry (to say nothing of car, radio and electrical appliance manufacturers). But 
it’s too good an idea to keep on ice: other industries are invited to try it. Sems is 
an all-in-one screw and lockwasher; the washer can rotate but can’t come off. It 
simplifies handling, driving and stock-control, and gives a secure, rapid fastening, 


100% vibration-proof. Test it out. 





GUEST KEEN & NETTLEFOLDS (MIDLANDS) LIMITED 
SCREW DIVISION: BOX 24, HEATH STREET, BIRMINGHAM, 18 


s/stu/2854 
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CLASSIFIED ABSTRACTS 


Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns are regularly 
included in condensed form in this section. Subscribers may obtain photostat copies of all original articles at cost. 














CERAMICS 
Ceramic Coatings for Use in Nuclear Reactors. 


(From National Bureau of Standards, Technical News 
Bulletin, U.S.A., Vol. 38, No. 10, October 1954, 
pp. 150-152, 6 illustrations.) 


To meet the increasing demand for high-temperature 
protection of alloys in nuclear reactors, the National 
Bureau of Standards has developed a ceramic coating 
material with an extremely low thermal neutron ab- 
sorption coefficient. More than 200 ceramic coatings 
were investigated, the most promising being boron-free 
coatings of the frit-refractory type, in which a high- 
barium frit is combined with ceria-chromic oxides. 
Tests indicate that these coatings satisfactorily withstand 
temperatures in excess of the 1,000°C found in nuclear 
reactors. 

The use of ceramics or metal-ceramic combinations 
generally offers the only alternative to the use of bare 
metals for shields, moderators, and fuel rods in atomic 
piles designed to operate at high temperatures. The 
nuclear property which chiefly determines the suitability 
of a ceramic coating for pile construction is its low 
absorption of neutrons when the material is located in 
the path of a neutron beam. The common ceramic 
coating contains boron, which may be introduced as 
borax or boric acid. However, this element has an 
unusually large neutron capture cross- -section. 

During the course of the investigation, frits were 
designed and smelted, in which various oxides were sub- 
stituted for B,O, in NBS base frit No. 331, the com- 
position of which (in mol per cent) is 50-80 SiOQ., 23-04 
BaO, 7:49 B.O,, 5°72 CaO, 4:93 ZnO, and 8-02 BeO. 
The most successful were those in which Zn,(PQ,), 
and Ca,(PO,), were substituted for B,O,. Frits con- 
taining appreciable amounts of CaF, severely attacked 
the refractory crucibles in which they were smelted, but 
frits which did not contain either CaF, or a phosphate 
were, in general, difficult to melt. Of the numerous frits 
which were designed and smelted, the best results were 
obtained from the newly developed NBS frit No. 435, 
the composition (in mol per cent) of which is 51-02 
SiO,, 25:51 BaO, 6:12 CaO, 5-10 ZnO, 10-20 BeO, and 
2:04 P,O 

Tests of coatings on a number of metals indicate that 
those containing frit No. 435 were outstanding in the 
protection they afforded the various alloys ; however, 
several hours or days after completion of an extended 
heating test, these coatings chipped from the austenitic 
stainless steels to which they were applied. This 
behaviour appeared to be due to stresses produced by 
differential thermal expansion. To increase the thermal 
expansion of the frits, TiO, was substituted for SiO,, 
CeO, for SiO,, and FeO for BaO. Increased thermal 
expansivity of the coatings was also obtained when 
CeO, was used in place of Cr,O, as a refractory admix- 
ture with frit No. 435. 

Most of those coatings which adhered well were 
tested to evaluate the protection they afforded the 
various alloys in an extended heating test, in which 
samples were heated to 1900° F and cooled to room 
temperature a number of times in a series of irregular 
cycles. During the one-week trial period, the samples 
were kept at the high temperature for a total of 150 hr. 
Under this test, no coatings proved outstanding when 
applied to type-321 stainless steel, though some coatings 


NOVEMBER, 1954 Volume 15, No. II 


gave appreciable protection. Many coatings performed 
well when applied to type-310 stainless steel. The 
majority showed good results with Inconel. 

Metallographic examination of tested and untested 
coated specimens revealed that some corrosion occurred 
beneath the coating in every case in the extended heating 
tests, but the amount or apparent depth of “ stringer ”’ 
corrosion was markedly reduced by the coating. Photo- 
micrographs showed corrosion to a depth of approxi- 
mately 1-5 mils on uncoated specimens, and of less than 
half this amount on specimens treated with one par- 
ticular coating developed. In terms of cross-sectional 
area of the stringers caused by corrosion, the difference 
between coated and uncoated specimens is much greater. 

Although none of the coatings so far evaluated by the 
microscopic method greatly reduced the depth of 
uniform oxidation occurring beneath the coating, the 
depths of stringer penetration was reduced, in the case of 
one coating, from 1-55 mils on a bare specimen to a 
minimum of 0-65 mil on the coated specimen, and the 
number of stringers per inch was reduced from 228 to 20. 

A series of thermal shock resistance tests was per- 
formed on coated specimens of various alloys. All 
withstood quenching from 1100° F, and the best did not 
fail when quenched repeatedly from 2000° F. This 
thermal shock treatment is much more severe than the 
coatings would normally be expected to encounter in 
service. 


CRYSTALLOGRAPHY 


Production of Single Crystals of Iron-Aluminium 
Alloys by the Strain-Anneal Method. 


By M. YAMAMOTO and R. Mryasawa. (From The 
Science Reports of the Research Institutes, Téhoku 
University, Ffapan, Series A, Vol. 6, No. 4, pp. 333- 
342, 1 illustration.) 


IN this paper, the production by the strain-anneal 
technique of circular-rod single crystals of 3 mm in 
diameter from iron-aluminium alloys containing less 
than 6°, Al has been studied, in order to ascertain the 
optimum conditions of the decarburisation treatment, 
in a wet hydrogen stream, of the elongation working, of 
the recrystallisation annealing, and of the macro-etching. 
With an increase in aluminium content, the optimum 
temperature of the decarburisation treatment (duration, 
one day) and the optimum degree of elongation fall, 
respectively, from 970° C and 4%, for electrolytic iron 
to 900° C and 2° for 6% Al alloy, while the optimum 
temperature of the recrystallisation annealing (duration, 
two days) rises from 880° C for electrolytic iron to 
1000° C for 6%, Al alloy. Grain growth is most pro- 
nounced in 0-53°% Al alloy (the maximum length of a 
grain being 16 cm) and least pronounced in 2:-47% Al 
alloy (the maximum length of a grain being 6 cm). As 
the reagent for the macro-etching, concentrated nitric 
acid, plus a small amount of boiling water, is suitable 
for pure iron and alloys with a low aluminium content, 
while concentrated hydrochloric acid is suitable for 
alloys containing more than 2:5% Al. 

Dilute nitric acid may be used conveniently for 
cutting crystals by etching (by the paraffin technique), 
regardless of the aluminium content. It has been con- 
firmed that the polycrystalline layer, consisting of one 
layer of the original minute grains which existed before 
recrystallisation annealing, remained on the surface of 
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iron-aluminium single crystals thus prepared. In single 
crystals of alloys containing more than 2:5%, Al, however, 
the polycrystalline layer is not uniform and exists 
locally on the surface. It was found from experiments 
with 4°, Al alloy that grain growth by recrystallisation 
annealing was completed after 1-5 days in specimens of 
3 mm diameter. 


ELECTRICITY AND MAGNETISM 
A Magnetic Balance for Ferromagnetic Materials. 


By O. HEDEBRANT. (From fernkontorets Annaler, 
Sweden, Vol. 138, No. 10, 1954, pp. 643-654, 11 
illustrations.) 


TuIs paper describes the construction of a magnetic 
balance for the study of transformations and trans- 
formation kinetics in alloys. The apparatus has been 
designed for measurements on ferromagnetic materials, 
its principal components consisting of an electromagnet 
for producing the desired magnetic field and a device for 
measuring the magneto-mechanical force on _ the 
specimen under examination. 

The measurement of the magneto-mechanical force 
is carried out by means of a double circular spring made 
of bronze. The principle is a modification of that used 
by Sucksmith*. By means of this modification, the 
measuring procedure has been given the character of a 
zero method. The principle is shown below. The two 
rings of the spring have one point in common where the 
force to be measured is applied. The outer ring is 
fixed at point A, while the inner ring is supported by the 
movable element of a micrometer screw B. When the 
force F , is applied, both rings are deformed and a beam 
of light is deflected by mirrors S, and S,, which are 
fixed to the outer ring. 








Fe 


The inner ring is further deformed by means of 
micrometer screw B until the outer ring has gained its 
undeformed state ; this occurs when the light beam has 
reached its original position. The displacement of the 
micrometer screw is directly proportional to the force 
F,. The main advantage of this principle is that the 
specimen under examination is always in the same 
position in the magnetic field, independent of the 
magnitude of the displacement. 





*W. SUCKSMITH & R.R. PEARCE: The paramagnetism of the ferro- 
magnetic elements. Proc. Roy. Soc., 167A, (1938), pp. 189-204. 


ELECTRONICS 


Piezoelectric Ceramics. 

By P. L. Smitu. (From Product Engineering, U.S.A., 
Vol. 25, No. 10, October 1954, pp. 161-165, 7 illus- 
trations.) 

PIEZOELECTRIC materials will convert mechanical energy 

to electrical energy, and vice versa, so that these materials 

can be used to convert a force or mechanical displace- 
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ment to a voltage or electrical charge. The high coupling 
and the high dielectric constant make ceramic materials 
superior to others for some applications, particularly 
where use can be made of the parallel effect. For 
gramophone pick-ups, microphones, and similar de- 
vices, material is used in the form of thin sheets made 
into composite strips which, when bent, develop a 
charge through the transverse effect. The principal 
advantages of ceramics for these uses are high dielectric 
constant, which gives a relatively low impedance, 
resistance to moisture, and the ability to operate as high 
as 90° C without damage. 

Both transverse and parallel effects are used in 
various forms of hydrophones, which frequently make 
use of cylindrical shapes. The hydrostatic response also 
permits the use of ceramics in small probe hydrophones. 
As with microphones and pick-ups, the high dielectric 
constant is of value in reducing the effect of losses in 
connecting cables. The same properties, together with 
sturdiness, have also been responsible for the wide use 
of ceramics in accelerometers. 

A high charge constant implies a large motion for a 
given applied field. This property of ceramics has been 
exploited in special ultrasonic devices for testing wear 
resistance and for cutting various materials. 

The properties of ceramic materials appear to best 
advantage in ultrasonic transducers for converting large 
amounts of power, particularly when it is desirable to 
operate over a relatively wide band of frequencies, for 
which a high coupling is essential. For this use, the 
high coupling, low impedance, and ease of forming 
curved shapes provide designers with many new possi- 
bilities. 

For applications such as high-frequency oscillator 
control or crystal filters, where the requirements are low 
loss, uniformity, and high stability with time and 
temperature, ceramics are not as suitable as other 
materials. 


FOUNDRY PRACTICE 


Dust Suppression in Foundries. 


By W. B. Lawrie. (From Journal of the Institution of 
Heating and Ventilating Engineers, London, Vol. 22, 
October 1954, pp. 249-268, 13 illustrations.) 


MOobERN foundry processes frequently give rise to large 
quantities of objectionable dust and fume. This fact 
has led to a deliberate and persistent effort to control 
foundry atmosphere, and all sides of the ferrous founding 
industry have contributed to this work during the last 
eight or ten years. One outstanding result has been 
that a much greater range of knowledge has been in- 
corporated in the field of dust suppression. In the past 
it has often been thought that local exhaust ventilation 
was the main, if not the only, method of dealing with 
dust. This is no longer accepted, and, in consequence, 
a fruitful co-operation has been initiated, in which 
certain specific conclusions have emerged, new ground 
has been broken, and original methods have been de- 
veloped. 

This paper gives some account of the work which 
has been carried out during the past five years in an 
effort to improve conditions in ferrous foundries, and 
discusses the general approach that has been made. This 
has led to the view that every possible method by which 
dust can be eliminated should be used to the limit before 
dust-control methods are considered. The research 
work has produced a new method of dust estimation and 
a new method of observation and photography, which is 
sensitive to dust within the respirable size range and 
which can be employed under works conditions. 

Original developments which have been completed 
and published include a new dressing bench, and new 
local exhaust ventilation systems for stand grinders, 
swing grinders, portable grinders, and pneumatic 
chisels. 
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IRON AND STEEL 


Surface Friction and Lubrication in Cold Strip 
Rolling. 

By P. W. WHITTON and H. Forp. (From an advance 
copy of a paper submitted to The Institution of 
Mechanical Engineers, London, October 1954, 12 
pages, 7 illustrations.) 


CuRRENT theories of cold rolling depend upon two 
physical characteristics, i.e., the yield stress curve of 
the strip and the coefficient of friction between roll and 
strip. These characteristics, with the dimensions of the 
pass, permit the roll force and torque to be computed. 
The yield stress, as a function of strain, can be measured 
fairly accurately and this has been used in the equations 
for roll force and torque, when comparing calculated 
values with measured values of these quantities. 

The coefficient of friction has not lent itself to 
experimental determination. It is usually assumed that 
the theory is correct and the coefficient of friction is 
derived as the adjustable parameter to give agreement 
between theory and experiment. This procedure is 
justified if it permits predictions of the stresses in the 
mill, but it would be an advantage if the surface friction 
in cold rolling could be independently measured. A 
more critical test of the theory could then be made, 
because there would be no adjustable quantity to mask 
any discrepancies. 

The friction between elastic bodies has often been 
measured, but the friction between surfaces, one of which 
is plastically deforming, seems to be of a different kind. 
What is needed is a method of measuring the friction 
in the roll gap under the conditions of the cold-rolling 
process, yet without making use of any theory of the 
distribution of roll pressure along the contact arc. 
This paper describes such a method, and the friction 
coefficients so found are used to compare calculated and 
measured values of roll force and torque. 

In this experimental method, the strip is entered in 
the mill and rolled at steady speed with any suitable pass 
reduction, the roll force and torque being continuously 
measured. A gradually increasing back tension is 
applied to the strip, until the neutral point is forced to 
the exit and all the friction is in the same direction. 
Just as the rolls are about to slip, the friction coefficient 
can be calculated from the simultaneous values of roll 
force and torque. Accordingly, a mill is required to be 
fitted with accurate means for measuring roll force, 
torque, back tension, and forward slip. 

Results show that the method proposed is practical 
and reliable and gives accurate values for the coefficient 
of friction. Furthermore, it is quick, repeatable, and 
independent of the yield stress characteristic and rolling 
theory, and the coefficient is derived from a simple 
expression containing only two measured quantities, in 
a test performed under cold-rolling conditions. 


MINING ENGINEERING 


Electrolytic Recovery of Diamonds from Used 
Drill Crowns. 


By D. A. BENFIELD and K. G. A. STRACHAN. (From 
Journal of the Chemical Metallurgical & Mining 
Society of South Africa, Vol. 55, No. 3, September 
1954, pp. 43-58, 4 illustrations.) 


THIS paper describes a process by which diamonds are 
recovered electrolytically from used drill crowns, many 
matrix compositions being examined. Particular atten- 
tion is paid to the prevention of sludge formation and 
to the promotion of rapid solution of the matrix. 

The recovery of the diamonds depends on dissolving 
the matrix by making it the positive electrode in a de- 
plating bath. The negative electrode is of stainless 
steel, copper, or graphite, depending on the composition 
of the electrolyte. For matrices containing large pro- 
portions of copper, electrolytes with nitric acid are used ; 
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for those containing large amounts of iron, hydrochloric 
acid mixtures are effective. Tungsten matrices require 
special electrolytes containing glucose or sodium- 
potassium tartrate. 

Details are also given of the suspension of the crowns 
in the electrolyte, the collection of the recovered dia- 
monds, and operation of the process on pilot- and works- 
plant scale. 

The procedure outlined in this paper can also be 
successfully applied to the recovery of diamond grit 
from metallic bonded diamond grinding, sawing, and 
honing wheels and other types of metallic diamond 
tools. In such cases the composition of the electrolyte 
will depend on the composition of the wheel or tool. 
For a bronze wheel, the electrolytes used for the dissolu- 
tion of bronze matrix drill crowns will be effective. 
Thus, the best electrolyte for a particular type of wheel 
can be selected from the data supplied in this paper. 


PLASTICS 
Weather Ageing of Styrene and Phenolic Plastics. 


By J. R. TAyLor and C. H. Apams. (From Mechanical 
Engineering, U.S.A., Vol. 76, No. 10, October 1954, 
pp. 803-807, 5 illustrations.) 


THE use of plastic materials in applications where good 
outside weathering characteristics are required is 
increasing. To aid the design engineer in the proper 
choice of plastic materials, data on the physical proper- 
ties of the material exposed outdoors for long periods 
must be available. The weathering programme pre- 
sented in this paper was undertaken to make available 
data on the physical properties of styrene and phenolic 
materials exposed outdoors at three locations for inter- 
vals up to and including four years. 

The weather elements contributing most to the 
degradation of the exposed specimens appeared to be 
(1) ultraviolet radiation, (2) humidity, (3) rain and dust 
erosion, and (4) temperature. In general, climatic 
conditions involving high temperature, moderate to 
high rainfall, and high humidity, were the most damag- 
ing to the physical properties of both styrenes and the 
phenolic material. 

The mechanical and electrical properties of unpig- 
mented styrene were degraded seriously by exposure to 
outdoor weather for a period as short as three months. 
The degree of degradation was closely associated with 
the amount of sunlight reaching the specimen. The 
weather resistance was improved significantly by the 
addition of a pigment to the styrene. The surface of 
both pigmented and unpigmented styrene was roughened 
after four years exposure by erosion. Although the 
strength properties of pigmented styrene showed little 
change, the surface had yellowed. 

The phenolic compound, a black pigmented wood- 
flour-filled material, was degraded mechanically and 
electrically by semi-tropical weather (high humidity, 
high temperatures, and moderate rainfall). Specimens 
aged in a hot dry climate showed no appreciable shift in 
strength and electrical properties during the exposure 
period. The loss of weight of the exposed samples of 
phenolics may be attributed largely to both evaporation 
and erosion. The change in their appearance was 
caused by surface erosion. 


PRESSURE VESSELS 


Inspection, Explosion, and Breakdown of Boilers 
and Pressure Vessels. 


By J. Evers. (From a paper presented at a meeting of 
The Institution of Mechanical Engineers, London, 
November 12, 1954; 10 pages, 33 illustrations.) 


BoILer failures may broadly be divided into two groups, 
i.e., those coming under the heading of careless opera- 
tion, and those arising from service defects due to 
mechanical and chemical attack, or overheating. The 
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principal defence against boiler failure is by means of the 
employment of experienced inspectors acting in close 
co-operation with trained operating engineers, who 
should be versed in the chemical actions associated with 
steam generation and supply. For the more important 
plant, the employment of an engineering chemist is 
essential. 

The certification of boiler and pressure vessels still 
rests on the basis of visual examination, together with 
hammer and hydraulic tests. Nowadays, special 
examination equipment, such as magnetic crack de- 
tectors, gamma and X-rays, and ultrasonic equipment, 
is becoming of increasing importance. Special mention 
may be made of ultrasonic apparatus which, although it 
is at present of limited application, has already given 
practical results and will undoubtedly be developed and 
come into more frequent use in the future. 

Many accidents have resulted from the dangerous 
practice of conducting a pressure test by the medium of 
air or steam. The same danger exists if, during the 
application of a hydraulic test, substantial pockets of air 
are entrapped. When the circumstances of the break- 
down of boilers and pressure vessels are compared with 
those prevailing seventy-five years ago, it appears that, 
in general, the situation has not greatly changed in that 
most accidents were then, as they are now, occasioned 
by neglect of fundamental principles and safety pre- 
cautions. Explosions were, of course, more violent and 
occurred more frequently in those days, but the im- 
proved situation in this respect may largely be credited 
to the superior construction and materials of modern 
pressure plant, which often limits the effects of faulty 
handling to breakdown or minor explosions only. It 
would appear in fact that, frequently, too little care is 
taken nowadays to train operators of important and 
costly plant, who should be capable of dealing with any 
emergency. No matter how efficient the inspecting 
service may be, this is of little avail, if subsequent staff 
supervision is lacking. 


WELDING 


Arc-Welding Embrittlement of Powder Metals. 


By A. Stitt and C. C. Matutias. From The Welding 
Journal, U.S.A., Vol. 33, No. 9, September 1954, 
pp. 842-846, 14 illustrations.) 

In this article, an investigation is described of the effect 

of porosity on the embrittlement of powder metal and 

the role of copper in iron-copper compositions. It has 
been postulated by Seitz that the creation of surface 
requires work and that the process must be accompanied 
by a force. Conversely, it follows that internal porosity 

may be a source of energy to start structural changes to a 

form of lower free energy per unit area. 

The results of the investigation showed that struc- 
tural weakness of welded low-density iron bushings can 
be attributed to excessive grain growth in the area ad- 
joining the weld. The factors which are felt to contribute 
to this excessive growth are :—(a) increased surface area 
of the voids, with attendant higher free energy available 
to activate the growth mechanism ; and (b) the presence 
of unstressed surfaces in the voids, acting as centres of 
nucleation. 

Brittleness of welded low-density iron-copper 
bushings can be attributed to the same porosity in- 
fluences as electrolytic iron, plus the peritectic action 
which produces excessive 7-phase (copper-rich) material 
in the grain boundaries. 

The almost complete absence of grain growth in 
welded high-density iron bushings can be attributed to 
increased nucleation with increased cold work and the 
absence of excess voids for early random nucleation. 

Bushings of one high-density (7:5 gr/cc) powder- 
metal alloy were subject to grain growth of a mixed 
nature. Some grains grew in preference to others, and 
this is probably due to the greater resistance of alloy 
Powders to flow and compacting. These bushings were 
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found to be considerably tougher than the low-density 
iron bushings, and additional work, involving pre- 
heating and post-heating, is being considered, to in- 
crease the toughness still more by reducing the random 
martensitic areas found in the areas adjacent to the welds. 


X-RAY TECHNIQUE 


Mirror Cameras for General X-Ray Diagnostics. 


By W. H. BoLDINGH. (From Philips Technical Review, 
Holland, Vol. 16, No. 2, August 1954, pp. 58-65, 9 
illustrations.) 


THE use of fluorography is becoming more and more 
common and is now being employed in general X-ray 
diagnostics. Attempts to minimise the dosage to which 
the patient is exposed during this type of examination 
have developed along two quite distinct lines, i.e., the 
improvement of optical efficiency in photographic aids, 
and the use of electronic aids, such as the X-ray image 
intensifier, to increase image luminance. 

It is difficult at the present stage of development to 
predict the ultimate relationship between the two 
methods, though the former has now attained a con- 
siderable measure of perfection. This article describes 
three of the latest designs of fluorographic cameras used. 
These are Schmidt-type mirror cameras, each using 
70-mm film and having a reduction factor of 7-2. The 
first camera, with an effective aperture ratio of 1:0-80, 
is for single exposures, and the method of film-centering 
in this camera is described in detail. The second camera, 
which is fitted with dispensing and receiving cassettes, 
can take a series of up to 30 photographs, but the film 
can be cut off and developed after one or more exposures. 
Film wastage is minimised by pushing, instead of 
pulling, the film through the film gate. The third 
camera, which is more or less identical with the second, 
incorporates a high-speed film transport which permits 
photographs to be taken at a speed of five per second— 
a valuable feature in the case of functional radiography. 

The special merit of the 70-mm film used is that, in 
many cases of general diagnostics, its size permits 
relevant details to be seen directly without enlargement ; 
furthermore, critical examination of the photograph can 
be effected quite satisfactorily with a simple optical aid, 
e.g., a magnifying glass. The relatively greater weight 
and volume, compared with cameras using smaller sizes 
of film, are not inconvenient in this application. 








DEVELOPMENTS IN SILICONES 
(Concluded from page 476) 


squeak agents and lubricants for plastic and rubber 
parts ; and as anti-seize lubricants for hold-down bolts 
on high-temperature equipment. 


ADHESIVES 


Although most silicone products are so non-reactive 
that they make excellent release agents, a new compound 
has been developed which is notable for the tenacity 
with which it sticks to a wide variety of surfaces, in- 
cluding such relatively inert materials as polyethylene, 
tetrafluoroethylene, and even silicone-varnished glass 
cloth and silicone rubber. 

The new product has an adhesive strength which 
compares favourably with that of conventional pressure- 
sensitive adhesives at room temperature. Furthermore, 
adhesive strength is retained over a temperature range of 
—55 to over 300° F. Highly water-repellent and re- 
sistant to weathering, oxidation, and a variety of com- 
monly used chemicals, this silicone adhesive also has 
excellent dielectric properties. 

Glass-cloth tapes coated with this material are now 
used for high-temperature electric and electronic appli- 
cations and for low-temperature, weather-resistant 
wrapping and sealing. 
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NEWS OF THE MONTH © 








PERSONAL 


Mr. John R. Bingham, who has been general manager of 
Joy-Sullivan Ltd., Greenock, Scotland, for the past two years, has 
been appointed managing director of this British subsidiary of the 
Joy Manufacturing Company of America. Mr. George H. Burr, 
European sales manager, has been appointed to the Board of Joy- 
Sullivan Ltd. 


Mr. Archibald S. Bishop, who joined the Goodyear Tyre and 
Rubber Co. (Gt. Britain) Ltd. in 1916 and has been sales manager 
since 1933, has been appointed managing director of the Company. 
Mr. Bishop is responsible for the introduction of the giant pneumatic 
tyre, the greatest contribution to road travel efficiency and comfort 
in the past 35 years. 


Dr. Richard Bleeching has been appointed chairman of the 
Metals Division of Imperial Chemical Industries Ltd., in succession 
to Mr. C. E. Prosser, who is retiring from the company’s service. 


Mr. R. J. H. Branthwaite, B.A., A.M.LE.E., has been 
appointed superintendent of the new electronic division of R. B. 
Pullin & Co. Ltd., Great West Road, Brentford, Middx. 


Mr. G. R. Buckley has been appointed general works manager, 
Mr. E. Morgan general manager in charge of Research, Mr. L 
Rawlins commercial manager, and Mr. J. D. Hickman export 
manager, of The Stanton Ironworks Company Ltd., near Notting- 
ham. 

Mr. S. A. Clarke, B.Sc.(Eng.), D.F.H.(Hons.), M.IE.E., 
has been appointed electrical engineer (construction) to the London 
Division of the British Electricity Authority, Generation House, 
Great Portland Street, London, W.1. 


Mr. A. W. Evans, formerly Birmingham area manager, has 
been appointed general sales manager of Air Control Installations 
Ltd., Ruislip, Middlesex. Mr. W. Lennon has succeeded Mr. Evans 
as Birmingham area manager. 


Mr. James G. Goodliffe, works manager of Nettle Accessories 
Ltd., Wythenshawe, Manchester, has been elected to the Board 
and has been appointed works director. 


Mr. R. A. Harding, who joined Macrome Ltd., Aldersley, 
Wolverhampton, in 1945 as development engineer and has been 
director and general manager since 1952, has been appointed manag- 
ing director of the Company. 


Mr. W. Lawson Hurdman, M.I.Mech.E., has been appointed 
general production manager of the Owen Organization, Darlaston, 
S. Staffs. 


Sir Leonard Lord, K.B.E., chairman and managing director 
of The British Motor Corporation, has been elected vice-president 
and is President-Elect of the Institution of Production Engineers. 


Mr. E. S. Mackay has been appointed Leicester branch manager 
of British Insulated Callender’s Cables Ltd. 


Mr. Herbert Priest has been elected Chairman of Walter 
Spencer & Co. Ltd., Crescent Steel Works, Warren Street, Sheffield 
4, in succession to Mr. E. Ransom Harrison, who has relinquished 
the chairmanship owing to ill health. 


Mr. G. A. Rendle, B.Sc., M.I.E.E., has been appointed to the 
Board of British Insulated Callender’s Construction Co. Ltd. He 
becomes manager (Cable Contracts) in succession to Mr. C. H. 
Frankland, M.I.E.E., who, while remaining a director of BIC 
Construction Co. Ltd., has undertaken special duties at the Trafford 
Park Works of British Insulated Callender’s (Submarine Cables) 
Ltd. Mr. C. Kibblewhite, M.LE.E., has also been appointed to 
the Board of BIC Construction Co. Ltd. as an executive director. 


Mr. B. L. Scott, B.Sc., A.M.I.E.E., has been appointed by 
George Ellison Ltd., Perry Barr, Birmingham 22 B, engineer- 
representative for ‘ Ellison” electric switchgear and hydraulic 
valves for Northern Ireland. 


Mr. D. W. Thomas, supplies director, has been appointed joint 
managing director with Mr. E. C. Martin, of Monks & Crane Ltd., 
Stanhope Street, Birmingham 12. Mr. A. H. Barton, commercial 
manager, and Mr. V. G. Eyre, general sales manager, have been 
elected to the Board of Directors. 


Mr. H. C. B. Thomas, superintendent in the Mechanical En- 
gineering Department of the R.A.E. since 1950, has been promoted 
to the rank of deputy chief scientific officer and has been appointed 
Head of the Mechanical Engineering Department of the Royal 
Aircraft Establishment, Farnborough. 


_Lieut.-Col. J. F. Todhunter has, on medical advice, relin- 
quished his appointments as director and general manager of Murex 
Welding Processes Ltd., Waltham Cross, Herts. His services have 
been retained as a consultant to the Company. Mr. J. M. Willey, 
M.Inst.W., deputy general manager since 1951, has been appointed 
to succeed Colonel Todhunter as general manager. 


_ Lt.-Col. D. W. R. Walker, M.B.E., B.A. (late Royal En- 
gineers), has joined Flexible Drives (Gilmans) Ltd., 195 High Street, 
Smethwick 41, as joint managing director. 
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Mr. Frank Whitehouse has been appointed general works 
manager of the Heavy Construction Department of Newton, 
Chambers & Co. Ltd., Thorncliffe, Sheffield. Mr. S. B. Rippon, 
general sales manager, will be responsible for the sales promotion 
and supervision of all products of the Department, and Mr. K. 
Sheard, as contracts manager, for all technical and commercial 
obligations. Mr. W. A. Leaver, chief of engineering, will be respon- 
sible for the control of all design for production and the direction of 
the drawing office. 


REORGANISATION OF THE A.E.I. GROUP 


The Board have decided to reorganise the A.E.I. Companies 
into four Groups :—B.T.H. Group, Ediswan-Hotpoint Group, 
-V.E. Group, and Overseas Group. The reorganisation, with all 
consequent appointments, takes effect from October 11, 1954. 
The Chatrman of A.E.I. becomes Chairman of each of the 
Groups. The following are the Group managing directors :— 


B.T.H. Group Mr. E. H. Ball 
Ediswan-Hotpoint Group Mr. A. N. E. McHaffie 
M-V.E. Group Dr. C. Dannatt 
Overseas Group Dr. I. R. Cox. 


The Group managing directors are members of the A.E.I. 
Board (Dr. Dannatt and Mr. McHaffie have been appointed directors 
from the lst October 1954), and form, with the Chairman, the 
Executive Committee of the Board. The Group managing director 
of the Overseas Group will be the A.E.I. nominee director on the 
Boards of A.G.E., First Electric and Vecor, and will become Chair- 
man of A.E.I. (India) and A.E.I. (Pakistan). 

The B.T.H. and M-V.E. Export Companies will operate as at 
present. To ensure the closest liaison, however, the Group managing 
director of the Overseas Group has become Chairman of the B.T.H. 
and M-V.E. Export Companies. 

As part of the reorganisation, Mr. G. A. Cheetham, managing 
director of Ferguson Pailin, joins the Board of Metropolitan- 
Vickers. He continues as managing director of Ferguson Pailin. 
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BICC BOARD CHANGES 


British Insulated Callender’s Cables Limited announce the 
following Board changes and appointments effective from Ist 
December, 1954 :— 

Mr. W. H. McFadzean, Chairman and chief executive, will 
become Chairman and managing director. 

Mr. D. W. Aldridge will become deputy chairman. 

Mr. H. J. Stone, Deputy Chief Executive, will become general 
manager. 

Mr. W. C. Handley will become deputy general manager. 

Dr. L. G. Brazier, director of research, will become director of 
research and education. 

Mr. R. M. Fairfield will be appointed to the Board as director 
of production and engineering. 

Mr. D. T. Hollingsworth will be appointed to the Board and 
will give up his present position as chief engineer to take up an im- 
portant appointment in an associated company. 


THE BRUSH GROUP LTD. 


The Brush Group Ltd., announce that the following changes 
within the Group will shortly take place :— 

Mr. S. Webster, at present managing director of Bryce Berger 
Ltd., will become deputy managing director of The National Gas 
and Oil Engine Co. Ltd.; Mr. B. D. Giordan, at present works 
director of Mirrlees, Bickerton and Day Ltd., will become managing 
director of Bryce Berger Ltd.; Mr. D. G. Hawkins, at present 
general manager of The National Gas and Oil Engine Co. Ltd., will 
become assistant Group sales director; Mr. R. G. Hooker, at 
present works manager of J. and H. McLaren Ltd., will become 
general works manager and director of Brush Electrical Engineering 
Co., Ltd.; Mr. B. R. Cant, at present personal assistant to the 
Group managing director, will become works manager of J. and H. 
McLaren Ltd. 


ENFIELD CABLES LIMITED 


Enfield Cables Limited announce the following appointments :— 

Mr. J. G. Jackson, manager of the Newcastle Branch for the past 
ten years, has been appointed manager of the Glasgow Branch ; 
Mr. F. R. Mackenzie, manager of the Southampton branch for the 
past three years, has been appointed manager of the Newcastle 
Branch ; Mr. W. F. Lawrence, who has been on the London sales 
staff for the past four years, has been appointed manager of the 
Southampton Branch; Mr. H. Dennis, A.M.I.E.E., has been 
appointed manager of the Manchester branch; Mr. Dennis has 
spent the greater part of his career with the English Electric Com- 
pany Ltd., at Stafford and Liverpool and was latterly manager of the 
Manchester Office of the Brush Electfical Engineering Co. Ltd. 





Mr. W. M. B. FURNISS 





The Electric Construction Company Limited, Bushbury 
Engineering Works, Wolverhampton, announces with profound re- 
gret the death, at the age of 47, of Mr. William Marter Burne 
Furniss, managing director, at his home, The Croft, Sandyfields, 
Sedgley, Worcs., on November 8th. Mr. Furniss was the elder 
surviving son of Mr. William Marter Furniss of Penn Craig, Wolver- 
hampton, Chairman and managing director of the Company until 
his retirement, at the age of 83, in December 1953. 

Mr. W. M. B. Furniss joined the Company in May 1925, be- 
coming sales engineer in 1929, assistant manager in June 1941, 
general manager, January 1943, director and manager, July 1944, 
assistant managing director, September 1948, and managing director, 
January 1954. 


BUSINESS NOTES 


B.S.A. Tools Ltd., 19 Melinda Street, Toronto, Canada, have 
been appointed sole representatives for Canada for the Abrasives 
Division of the Elgin National Watch Company, Elgin, Illinois, 
U.S.A. The Elgin range covers high-speed and carbide burrs and 
diamond abrasive finishing equipment. Mr. E. J. Stokes, B.S.A. 
Canadian branch manager, has negotiated the agreement. 


The Leipzig Spring Fair will be held from February 27 to 
March 9, 1955. It will be devoted mainly to technical exhibits. 
The Autumn Fair, from September 4 to September 9, will have the 
accent on consumer goods. Several British exhibitors have already 
booked space for the Spring Fair. Willoughby & Young, of 6a Smith 
Street, London, S.W.3, are the British agents of the Fair. 


Lacrinoid Products Ltd., Gidea Park, Essex, announce the 
development of a new material for the barrel finishing of metals. 
Marketed under the name “‘ Lacron,” this mineral oxide chip can be 
used in conjunction with any of the ordinary polishing compounds. 
It is claimed to be a most satisfactory material for descaling, de- 
burring, burnishing, and polishing of metal parts. 


A.K. Fans Ltd., 20 Upper Park Road, London, N.W.3, have 
taken further factory space at 352 Goswell Road, E.C.1, for the 
manufacture of axial and centrifugal fans. Mr. A. W. Dean, formerly 
with the Marconi Telegraph Company, has joined A. K. Fans Ltd. 
in an executive position. 


Hallmac Tools Ltd., a new company, registered on 30th Sep- 
tember 1954, claims to offer an exceptionally wide stock range of 
the finest quality tools. Distribution is effected through the Main 
Depot and Head Office, at Aldersley, Wolverhampton, and three 
Branch Depots at London, Manchester, and Glasgow. With a large 
team of technical representatives, located strategically throughout 
the country, Hallmac Tools Ltd. are also distributors of Macrome 
Treated Tools. 
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Dunlop Rubber Company Ltd. A factory on the ‘I‘eam Valley 
Trading Estate, Gateshead-on-Tyne, has been leased to the Dunlop 
Rubber Company Ltd., after negotiations with the Board of Trade 
and the North Eastern Trading Estates Ltd. The buildings, of 
approximately 175,000 square feet, suitable for straight-line, modern 
progressive methods, will be used initially to meet the increased 
demand for industrial rubber goods or allied products. When fully 
es the number of operatives employed is expected to reach 
about 600. 


British Oilfield Equipment Company Limited. Heenan 
and Froude Limited and The Brush Group Limited announce 
that they have sold the whole of the issued share capital of British 
Oilfield Equipment Company Limited, which was jointly owned by 
them, to Cameron Iron Works, Inc., of Houston, Texas, U.S.A. 

The main business of British Oilfield Equipment Company 
Limited in recent years has been the manufacture and sale under 
licence of oil field equipment to the specifications and designs of 
Cameron Iron Works, Inc. As the licence agreement had only a 
short time to run, the Directors of Heenan and Froude Limited and 
The Brush Group Limited have jointly agreed that it was in the best 
interests of their respective shareholders that the offer they received 
from Cameron Iron Works, Inc., to purchase British Oilfield Equip- 
ment Company Limited as a going concern, should be accepted. 

British Oilfield Equipment Company Limited, in its capacity of a 
wholly owned subsidiary company of Cameron Iron Works, Inc., 
will continue to operate under its present name, and Mr. Edward 
Benjamin will continue as Managing Director. Future plans include 
the expansion of manufacturing facilities and the manufacture and 
sale of additional Cameron products not at present being made in this 
country. 


Liquid Systems Limited, Craig’s Court House, 25 Whitehall, 
S.W.1, have signed a contract with Bowser International Inc., 
U.S.A., Bowser International Limited, London, England, and 
Rubery Owen & Co., Limited, Darlaston, England, to manufacture 
and distribute under licence their well known Bowser filtration 
and lubricating systems and accessories. 

hey are already in production with the Bowser Teleflo indicator 
and will continually add to their range until they have covered the 
whole field of Bowser industrial lubrication equipment granted them 
by the contract. 


BRITISH INSTITUTION OF RADIO ENGINEERS 


The 28th Annual Report of the British Institution of Radio 
Engineers stresses the growing demand for radio and electronic 
engineers, particularly overseas. The total university figures for 
degrees in technology have dropped in the last two years and, in 
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TWO WAYS OF INCREASIVG LOAD CAPACIT) 


“Vou wouldn't put coach bolts in your big ends!” 


NE WAY of increasing bearing capacity, of course, is to use a 
bigger bearing. The other way is to add more refinement. It 
doesn’t look noticeably different on the drawing or on the assembly 
bench, for it consists of putting a higher quality into the same size 


of bearing. 


BUT THE DIFFERENCE IS OUTSTANDING 


F.B.C. bearings evolved for high-duty aircraft applications have 
raised the bearing performance to an almost unbelievable figure, 
by their high-precision, extra quality and detail development in 


relation to the ball location and contact. 
In the light of present day knowledge, therefore, to use 
an ‘ordinary’ catalogued ball-bearing for a border-line 


high-duty job is as near to sabotage as putting M.S. 
bolts into a racing-car big-end. 
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addition, the number of students completing their courses at tech- 
nical colleges is insufficient to meet the present demand for en- 
gineers Nevertheless, the Institution’s Graduateship Examination 
continues to attract over 1000 candidates per year but “‘ it is to be 
regretted that the efforts of these candidates continue to be so poorly 
rewarded.” Less than 10% of the number of entrants pass the 
Graduateship Examination. The difficulty of securing adequate 
technical training stresses the shortage of teachers in radio engineer- 
ing and allied subjects and tne corresponding inadequacy of training 
es. 
icine the 12 months under review, the Institution increased 
the number of section meetings. 53 meetings were held in the 
United Kingdom and 42 meetings were held by sections in India, 
New Zealand, and South Africa. This does not include the meetings 
held during this year’s Industrial Electronics Convention at Oxford. 
The Institution is receiving nearly 2000. enquiries a year re- 
garding membership of the Institution, which has increased by 
a further 367 up to March 3lst last. The present membership now 
exceeds 5000. 


PHYSICAL SOCIETY EXHIBITION 


The 1955 Physical Society Exhibition of Scientific Instruments 
and Apparatus will be held in the New Hall of the Royal Horticul- 
tural Society, Westminster, London, from April 25 to 28, 1955, 
inclusive. It is anticipated that about 140 exhibitors will take part. 

Exhibits will include scientific instruments and apparatus, newly 
developed or in the process of development, and pieces of research 
apparatus which make use of physical principles in ways hitherto 
unexplored. Among exhibitors of this type of apparatus will be a 
number of University Departments and Government Establish- 
ments. The Exhibition will also include stalls showing new scientific 
books and journals by a number of publishers. 


THE INSTITUTION OF PRODUCTION ENGINEERS 


The ceremony of the official opening of the new premises of the 
Institute of Production Engineers at 10 Chesterfield Street, London, 
W.1, was performed by the Vice-President of the Institution and 
President-Elect, Sir Leonard Lord, K.B.E., on October 28, 1954. 

It is a far cry from the inaugural meeting of the Institution in 
1921 and the acquiring, in 1929, of their first Head Office, which 
consisted of one small room at 48 Rupert Street. Since then, they 
have occupied in turn premises at St. James Street, Bedford Row, 
at British Industries House, Oxford Street, and at 36 Portman 
Square. With the rapid growth of membership, it became clear in 
1948 that the latter premises offered little room for expansion, and 
it was fortunate that the Council were at length able to acquire the 
freehold of their present premises in Chesterfield Street—that quiet 
and gracious backwater, redolent of the spacious days of Beau 
Brummell (who lived at No. 4 towards the close of the 18th century). 

The house as it stands to-day, is solidly constructed and is large 
enough to provide room for future expansion of the Institution. 
Built in approximately 1760, it contains several period features, 
including work attributed to Robert Adam. The paintings on the 
ceiling of the Council Chamber are attributed to Angelica Kauffman. 
These delightful headquarters are indeed a fitting climax to the years 
of endeavour and expansion of the Institution, from its membership 
of 250 in 1929 to its present 10,000. 


BATTELLE INSTITUTE 


On the Ist of October this year, Battelle Institute, Columbus 
(Ohio), completed its 25th year of service. Founded to conduct 
research cn a non-profit basis, Baitelle began operations in 1929 just 
as the great industrial boom of the late twenties was coming to an end. 

The staff, originally thirty, now numbers over 2,600. The In- 
stitute to-day is known and respected throughout the world of 
research and engineering. The founder, Gordon Battelle, an Ameri- 
can industrialist, left his estate for the building and endowment of 
an Institute “* for the purpose of education . . . the encouragement of 
research . . . and the making of discoveries and inventions for in- 
dustry.” In order to carry out the will of the founder, Battelle has 
provided its unique “‘ Research for Industry Plan.” . 

In this co-operative activity the Institute provides the physical 
plant, equipment, and personnel for conducting research. Industrial 
concerns, groups of companies, or individuals contract with the 
Institute for its research services. They are known as “ sponsors.” 
All results from research, which are completely confidential, be- 
come the exclusive property of the sponsor for which he is billed at 
the cost price, plus a proportionate share of undistributed expenses. 
The amount of money thus annually invested in sponsored research 
projects at Battelle increased from $80,000 in 1933 to $15 million 
by 1954 through the combined research institutes at Columbus, 
Frankfurt, and Geneva. The 25th anniversary has a significance 
important to Battelle as, during this year, the European laboratories 
at Frankfurt and Geneva have come into full operation for the 
benefit of European industries. Several projects have already been 
completed for European sponsors. The European office is in Geneva, 
Switzerland, under the management of Dr. F. C. Croxton. 

Battelle conducts research in practically all fields of technology, 
such as chemistry, metallurgy, industrial physics, fuels and com- 
bustion, ceramics, mineral processing, chemical engineering, 
electrical engineering, mechanical engineering, petroleum and petrol 
chemicals technology, electro-chemistry, plastics, rubber and paints, 
electronics, theoretical and applied mechanics, welding technology, 
graphic arts, engineering economics, agricultural sciences, and 
biochemistry. In its 25 years of existence Battelle staff members 
have published more than 2,000 articles, books and papers reporting 
the results of their research to the technical world. Battelle has 
obtained, by handling more than 2,500 major research problems, an 
unusually broad understanding of the technical needs and require- 
ments of industry, and has made an important contribution to in- 
dustrial progress through its activities in the field of applied research. 
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GLACIER METAL COMPANY’S NEW DRY BEARING 


At the invitation of the Glacier Metal Company Limited, of 
Alperton, Wembley, Middlesex, the technical press were recently 
afforded the opportunity of examining an interesting new type of 
— dry bearing which will be put into production in the very near 
uture. 

Basically, the bearing consists of a steel backing, lined in strip 
form with porous bronze, impregnated with polytetrafluoroethylene 
(PTFE) to the full depth of the porous bronze layer. As a result, a 
continuous film of the plastic material is left on the surface. The 
composite strip is pressed into butt-jointed wrapped bushes, identical 
in form with the well known range of Glacier Standard Wrapped 
Bushes. These bearings, which will be available in diameters ranging 
from 3 to 2 in., have been designed primarily for use without a 
liquid lubricant and should therefore be eminently suitable for 
applications in the textile, food, and many other industries. Natur- 
ally, the use of a liquid lubricant is advantageous insofar as rate of 
heat dissipation is concerned, but it should be understood that these 
bearings are perfectly capable of operating satisfactorily under dry 
conditions. 

PTFE-impregnated thrust washers will also be produced in 
standard sizes, ranging from } to 2} in. bore. 

A description of these bearings, together with full technical 
details of test results and operational experience, will form the 
subject of an article in a forthcoming issue of this journal. 


NIMONIC HIGH-TEMPERATURE ALLOYS 


The Nimonic series of high-temperature alloys have, for many 
years, been the standard materials for moving blades in gas turbines. 
Their use in other fields, however, is rapidly extending where high 
strength at high temperatures is required. Typical of such applica- 
tions is the use of Nimonic 90 for springs operating at extreme tem- 
peratures. 

A recent data sheet published by Henry Wiggin & Co. Ltd. 
presents, in convenient form, tabular data for the designer. Copies 
may be obtained from the Publications Department at Thames 
House, Millbank, London, S.W.1. 


“PHILIPS” INTRODUCE NEW STUD WELDING PROCESS 


A new process of stud welding, in which the timing is carried 
out by means of a cartridge placed at the end of the stud, has been 
developed by Philips Electrical Ltd., London, W.C.2. 

In conventional welding practice, the arc between stud and 
weld-piece is struck and timed by electronic and/or mechanical 
apparatus, and the studs have to be specially shaped and prepared. 
In the new Philips process, this additional equipment is not neces- 
sary, since ignition and arc-time control are regulated by the cartridge 
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Our Graiseley Hill Works, one of the Company’s three factories whic 
together produce well over 7,000 tons of pressure die-castings per year. 
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itseli. Kurthermore, it is not necessary to use special studs ; normal 
studs, treated and untreated, including black studs, may be em- 
ployed. The stud-welding gun used is a simple one, containing only a 
spring for pressing the stud holder against the weld-piece. The 
apparatus has the additional advantage of being operable on a.c. 
mains, and can be used with standard welding transformers. 


ALUMINIUM SUBWAY CARS FOR CANADA 


One of the most advanced examples of urban transport practice 
is provided by four aluminium-alloy cars which have just been 
completed by a British firm for Canada’s first underground railway 
system, opened last spring in Toronto. 

These rg were designed and built by the Gloucester Railway 
Carriage and Wagon Company Ltd., who also supplied all the 100 
steel cars now in service. It was decided to build the four aluminium 
cars, with two more to follow, in order to obtain an assessment of the 
economics of aluminium construction for this type of vehicle. 
Since the aluminium cars are identical in general design, capacity, 
and power with steel cars, a direct comparison of performance and 
operating costs will be possible. In a railway system of this type, 
where stops and starts are frequent and brisk acceleration is called for 
(the steel cars can accelerate at 2-3 mph per sec and reach 55 mph), 
weight-saving is obviously of value. Adoption of aluminium has 
resulted in a saving of 53 tons per car, thus reducing the weight of 
the superstructure, complete with all equipment, from 22} to 16 
tons. Another respect in which the aluminium cars are expected to 
show an economic saving is that of maintenance, since no external 
paint will be used on the bodywork. 

The operating unit consists of two cars, one carrying the air- 
compressor and the other the auxiliary motor-generator set ; a train 
may comprise up to four two-car units. The cars are large and 
spacious, 57 ft long and over 10 ft wide, with seating for 62 passengers 
and a total capacity of 230. Four 68-hp frame-mounted traction 
motors power each car, automatic retardation control is provided, 
and in general the equipment embodies many refinements, including 
elaborate heating equipment for pressure ventilation; special 
attention has been given to safety and to the suppression of noise 
and vibration. 

In the case of the aluminium cars, the economics were investi- 
gated by the Aluminium Development Association, and recom- 
mendations were later made by the Association and by Northern 
Aluminium Company Ltd., who supplied the structural material. 
Aluminium alloys, in the form of fully heat-treated sections, plate, 
and sheet, were used for all structural members above the bogies, 
with the exception of the main bolster, which remains in steel. 

Extensive use was made of the argon-shielded tungsten-arc 
welding process. The attachment of the external panelling is of 
special interest ; the edges of the panels are butt-welded and attach- 
ment to the framing is by riveting, but in view of the high initial 
finish necessitated by the fact that no filling or painting was to be 
done, the riveting called for more than usual precision. The methods 
adopted were very successful, the lines of rivet heads being ren- 
dered imperceptible on the finished cars. 

It will be interesting to see to what extent the experience of the 
world’s latest subway will, in time, confirm the economic case for 
light-alloy rolling stock. 


* ENGLISH ELECTRIC ” IGNITION TESTER 


An ignition tester, designed by The English Electric Co. Ltd. 
for “ televising ” ignition faults on motor cars, is to be marketed in 
future in the United Kingdom by Tecalemit Limited. 

High performance, combined with economical running by using 
modern high-grade fuels, is obtained only if the ignition system of a 
car is correctly adjusted. The “‘ English Electric” tester provides a 
complete working picture of the ignition system. By this means, easy 
adjustment of the ignition system to maximum efficiency is readily 
obtained. The device employs a small cathode ray screen and is so 
arranged that, by the simple connection of three leads to the ignition 
system of a vehicle, it is possible to see pictures or ‘‘ wave forms ” 
of the working conditions of the complete system, these pictures being 

“ televised ” on to the screen from the running engine. By comparing 
wave forms on the screen with those shown in the instruction manual 
provided with the equipment, it is possible to diagnose immediately 
faulty condensers, coils and plugs, and also faults in the primary 
and secondary winding circuits. 

The equipment can also be used for “‘ preventive maintenance ” 
on cars in service, by presenting a complete picture of the car 
ignition system and by detecting incipient breakdown. 


“ ATLAS DIESEL ” PNEUMATIC TOOLS 


A demonstration of a range of pneumatic tools manufactured by 
the Atlas Diesel Company Ltd., Wembley, was held recently in the 
presence of the technical press to show the versatility and wide 
application of pneumatically operated equipment. Apart from their 
well-established tools, an interesting demonstration was provided of 
the LSP 11 Valve Grinder, designed to speed up the “ grinding-in ” 


of both petrol and diesel engine valves. This grinder appears to be 
the only pneumatically driven valve grinder at present on the market 
and incorporates a standard Atlas vane type air motor. An oscillating 
motion is imparted to the spindle through a gear drive and short 
throw crank with connecting link. The spindie end is made to take a 
driving blade or rubber suction cup. Despite its small size, this is a 
powerful machine which will comfortably handle all types up to the 
largest automobile and marine diesel engine valves. 


A NEW ARGONAUT WELDING APPLICATION 


Experiments to prove a new application of Argonaut welding 
equipment, manufactured and marketed throughout the British Com- 
monwealth by The British Oxygen Company, in use with mild steel, 
have recently been carried out by The British Oxygen Company and 
the United Steel Companies. The use of the process has until 
recently been confined chiefly to light alloys, though it has also been 
employed on stainless steel and copper-base alloys. This new develop- 
ment of the Argonaut is a great step forward. 

It has been found to be satisfactory for welding certain qualities 
of carbon steels in all positions with the exception of vertical fillet 
and butt welds. The advantage given by Argonaut over metallic arc 
welding is higher deposition rate and consequently greater speed (as 
much as 40%). 

A number of tests showed that the porosity problem could be 
overcome with the proper technique, and sound welds of proper 
strength and metallurgical quality were obtained in semi-killed boiler 
quality steel and fully killed pressure-vessel quality steel. It has also 
been found that the metal deposited in butt welds in these steels has 
a greater strength than the parent metal, both in the as-welded and 
stress-relieved conditions. The tensile strength of the weld speci- 
mens is quoted as 36 tsi as deposited, and 34 tsi stress-relieved, while 
the bend tests show adequate ductility. 

The Argonaut process uses a shielded arc with a direct current 
of relatively high amperage (50,000 A/sq in. minimum), on a con- 
tinuously fed bare wire electrode of small diameter. The manrer of 
metal transfer by projection across the arc permits welding in all 
positions, saving those mentioned above for mild steel, and these 
last two attributes give the process a large field of application on all 
types of fabrication. No flux is needed and welds are of good quality, 
free from slag and inclusions; also, of course, there is complete 
freedom from post-weld corrosion problems when welding light 
metals or stainless steel. 

The fusion rate in Argonaut welding is much higher than that 
with conventional metallic arc welding and a higher weld speed is 
consequently obtained. The application of the Argonaut process to 
carbon steels has been subjected to further practical production 
welding tests and, although the majority of these were sited in the 
open air, no difficulty was experienced by the movement of the 
Argon shield, provided small screening arrangements were adopted. 

Further work is necessary to establish correct welding con- 
ditions for vertical and overhead butt and fillet welds and for 
—— vertical butt welds on carbon steels. 

A paper covering the findings during development will be pub- 
lished shortly. 


A UNIQUE STEAM TURBINE OIL 


C. C. Wakefield & Company Ltd. have recently introduced a 
steam turbine oil known as “ Perfecto LC” which will have far 
reaching effects on the design of naval vessels. 

Steam turbine design for ships of war has undergone a progres- 
sive change over the past few years. Increases in operating steam 
pressures and temperatures have enabled the size of the machines to 
be reduced, thus releasing valuable space for other purposes. This 
trend brought with it the problem of reducing the size of the re- 
duction gearing without marring its efficiency or reliability. The 
answer was found in the adoption of new manufacturing techniques 
and in the use of new materials. 

A further problem followed, however, for the tooth loading of 
the new gears was so high that conventional steam turbine oils could 
not stand up to it. In 1949, when the Admiralty first approached the 
oil industry with this problem, the view was generally expressed that 
no oil could be devised which would lubricate the new gears satis- 
factorily and, at the same time, meet the Admiralty specification for 
steam turbine oils. This meant that a separate lubricant and lubri- 
cation system would have to be provided for the new gears and this 
would largely nullify the whole object of the design—to save space. 

However, C. C. Wakefield & Company Ltd. undertook extensive 
research on the problem and devised a lubricant fully capable of 
performing this seemingly impossible task. It was thoroughly tested 
for a year in the main turbines of a destroyer which did over 1,000 
hours steaming in that period. The performance of the oil was 
satisfactory in every way and the machinery was in perfect con- 
dition when inspected at the end of the test. 

Although turbine driven Merchant Navy vessels are not likely 
to employ such highly stressed reduction gearing as is now being 
adopted in the Royal Navy, the new oil opens up great possibilities of 
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advancement in gear design generally. Moreover, Perfecto LC will 
be invaluable as a running-in lubricant for all types of steam turbine. 

The new turbine oil meets all the requirements of the British 
Admiralty turbine oil specification OM.100, but also includes a load- 
carrying additive which does not affect the demulsibility, oxidation 
resistance or anti-corrosion properties in any way. 

‘The superior load-carrying capacity of Perfecto LC, in comparison 
with a conventional turbine oil meeting the OM.100 specification, 
is brought out in the following results obtained on an Institution of 
Automobile Engineers 3} inch gear testing machine with an oil tem- 
perature of 70° C’ 


Scuffing load, Ibs. 
Gear Material En 34 | Gear Material En 36 








2,000 | 4,000 | 6,000 | 2,000 | 4,000 _ 6,000 














Lubricant rpm rpm | rpm rpm rpm $s rpm 
Normal OM.100 60 40 25 45 35 25 
Perfecto LC 125 105 | 100 120 110 95 





This was also confirmed by tests in full-scale naval reduction 
gearing of advanced design when, using a conventional OM.100 
turbine oil, scuffing of the gear teeth occurred at 65%, of the full 
power torque which was approximately equivalent to a tooth loading 
of 1,500 lbs per inch of the contact line. However, when Perfecto LC 
was used to lubricate the gears scuffing did not occur even at 130%, 
of the full power torque, that is at twice the previous tooth loading. 

The oil has no effect on any of the normal materials of construc- 
tion of modern steam turbines. A copper staining inhibitor success- 
fully restrains the tendency for the load carrying additive to attack 
copper and copper alloys at high temperatures, and, in fact, the 
perfect condition of the brass and copper components of the machin- 
ery used in the gear box tests and in the test aboard a naval destroyer 
affirm that copper activity does not occur at any lubricant temperature 
reasonably to be expected in modern steam turbine systems. 

The oil is unaffected by water as shown by its performance 
under the salt water corrosion test and demulsification test required 
by the OM.100 specification. 

The oil has the following properties, which are in every instance 
within the requirements of the British Admiralty OM.100 specifica- 
tion for steam turbine oils : 

Viscosity at 210° F (IP.71/53T) 

Viscosity at 100° F (IP.71/53T) 

Viscosity Index (IP.73/53) 

Closed Flash Point (IP.34/47) 400° F 

Pour Point (IP.15/42) below —25° F 

Demulsification No. (IP.19/51) 180 seconds 

Total Acidity (IP.1/53) 0:20 mgs KOH/gm 

Mineral Acidity (IP.1/53) Nil 

Foaming Test (U.S. Fed. Spec. 

VV-L-791d 321-1) Passes 

Salt water corrosion Test (IP.135/51) Passes 

Oxidation Stability (IP.114/53P) 

Acidity after oxidation 0:06 mgs KOH/gm 
Demulsification No. 390 seconds 
Copper Strip Test (IP.64/52B) No corrosion. 


8-3 centistokes 
87 centistokes 
60 


MULTI-WAY CONNECTORS 


Growing interest in unit construction in the electronic and 
light engineering fields has led The Plessey Co., Ilford, Essex, to 
make a new range of multi-way connectors giving 20-way, 30-way, 
40-way, 60-way and 80-way linkages. 

These connectors, which are small and light-weight, find many 
uses in modern multi-unit assemblies such as television transmitters, 
field telephones, and signalling apparatus on railways. 

The plugs and sockets of these connectors are very compact, 
each being contained within a rectangular aluminium case. Units 
may be packed closely together on a chassis or panel. All units are 
constructed from high-grade aluminium and are small, extremely 
light, and easy to handle. 

The plug and socket contacts are silver-plated and so made as 

to provide positive connection when fully engaged, but giving a 
self-ejecting action when being disconnected. This ensures the 
lowest possible contact resistance—an essential feature in speech, 
V.F. or control circuits—and does not impair the easy withdrawal of 
the plug from the socket. Contacts are recessed within their re- 
spective housings as a protection against mishandling. 
_ Cables are firmly clamped to the plug body, and thus no strain 
is taken by the soldered connections. The metal case of the plug 
may be removed, when necessary, without risk of disturbing the 
connections. 


BRITISH STANDARDS 
(Copies of British Standards may be obtained from the British 
Standards Institution, 2 Park Street, London, W.1) 


Rosin-cored solder wire “activated” and “ non-activated” 
(non-corrosive). (B.S. 441 : 1954) is a revision of the standard 
published in 1932. Since that date methods of activating the rosin- 
core of the solder have been developed, and the new edition specifies 
solder wire with a core or cores, incorporating the advantages of these 
methods. The scope of the standard has been widened by the in- 
clusion of five grades of solder, for each of which information is 
given with regard to melting characteristics and typical uses. In 
addition tests have been included relating to the hardening of the 
flux residues, and to their freedom from corrosive action. 

The importance of this standard to industry generally may be 
gauged from the fact that 48 organizations (Government departments, 
scientific and industrial) co-operated in its preparation. Price 3/-. 
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Classified Advertisements. 


The rate for ail classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box-number advertisements 
ls. extra. Instructions, together with remittance, must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 


APPOINTMENTS VACANT 


THE VICKERS-ARMSTRONGS Research and Development 
Establishment have immediate vacancies as follows :— 

Junior Technicians who have completed their National Service, 
hold an Honours Degree in Mechanical Engineering and desire to 
make their future in the development of prototype machinery. 


Test Engineers who have completed their National Service, hold a 
Pass Degree or Honours in Mechanical Engineering together with a 
knowledge of Electronics. 

Applications stating qualifications, experience and salary required 
should be addressed to the Labour Manager, Vickers-Armstrongs 
Limited, Barrow-in-Furness, Lancs. 


ARMSTRONG SIDDELEY, Coventry, have vacancies on in- 
teresting important work in Stress Department on Strength In- 
vestigations and Calculations—Gas Turbines. Higher National, 
Engineering or Mathematics Degree minimum qualification, ex- 
perience unnecessary. Same department invites similarly qualified 
applicants for work on engine installation in prototype/experimental 
aircraft. Reply Reference CG/DRE.1, Technical Personnel Officer, 
Armstrong Siddeley Motors, Coventry. 


ADVISORY AND TECHNICAL OFFICE of an International 
Shoe Manufacturing and Distributive Organization require the 
services of an Industrial Engineer. The applicants, who should be 
qualified engineers, are expected to have a knowledge of mechanical 
and electrical engineering plant layout, estimating and cost control. 
Some practical work in Industry preferably assembly type industry 
such as automobiles, appliances and rubber would be expected 
although experience in the Shoe Industry is not essential. The 
successful applicant would work in London but a certain amount of 
travel abroad would be entailed. (A knowledge of French would be 
useful). Commencing salary £1,000-£1,200 per annum, depending 
on experience and qualification. Apply in own handwriting to 
Personnel Manager, Bata Development Limited, 15 Old Bond 
Street, W.1. 


TECHNICIANS.—Several vacancies are available for technicians 
and men having design experience and holding 1st Class Honours 
Degree in Mechanical Engineering and having practical experience 
preferably in Marine Engineering or alternatively experience on the 
mechanical side for the generation of power for land purposes. 
They are required for work on the production of power from atomic 
energy, and will be employed initially at Harwell. Age 27-35. 
Good salaries will be paid to men holding the necessary qualifications, 
DRAUGHTSMEN.—Several vacancies are available for draughts- 
men holding Higher National Certificates, for work on the production 
of power from atomic energy. Work would be initially at Harwell. 
Age 30 or over. Good salaries will be paid to men having the 
necessary experience. 
SENIOR PROJECT ENGINEER.—A vacancy is available for a 
Senior Project Engineer to head a group for the production of power 
from atomic energy. Applicants should have a background of 
experience, preferably in Marine Engineering, or alternatively ex- 
perience on the mechanical side of the generation of power for land 
purposes. In addition, applicants should have scientific qualifications 
in the form of 1st Class Honours Degree in Marine or Mechanical 
Engineering and should for preference be in the range 35-40. Good 
salary will be paid to a man meeting the stated requirements. 
Employment will be at Harwell initially. 

Apply to Box. No. 17, “ The Engineers’ Digest,” 120 Wigmore 
Street, London, W.1. 


PHYSICISTS.—A vacancy is available for a Physicist holding a 
Ph.D. Degree, and having practical experience, for work on the 
production of power from atomic energy, and to be employed 
initially at Harwell, age 30-35. : 
A vacancy is also available for an Assistant to the above, age 26-30. 
Good salaries will be paid to men holding the necessary quali- 
fications. Write Box No. 18. 


WISEMAN 
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ALFRED WISEMAN & CO., LTD., p 
Glover Street, Birmingham, 9 


London Office: Carlisle House, 8 Southampton Row, W.C.1 
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BOOKS RECEIVED 





LATEST INDUSTRIAL LITERATURE 





The Design and Use of Instruments and Accurate 
Mechanism. By ‘I’. N. Whitehead. 387 pp., 85 illustrations. 
Publishers : Dover Publications, Inc., New York 19, N.Y., U.S.A 
Price: Paper-bound, $1.95; cloth-bound, $3.50. 

Although the principles set down in this book are primarily for 
the guidance of the instrument designer, most of them are equally 
applicable to mechanisms as a whole, so that they should be of 
great value to an extremely large group of engineers. The most 
important function of these principles is to show the design en- 
gineer how to combine the necessary mathematical abstractions 
with independent observation of the actual facts. 

The book is based on the author’s practical experience as a 
designer and as a user of instruments and accurate mechanisms. 
While, as the author points out in his preface to the second printing, 
it does not pretend to be a full treatment of the subject, it undoubtedly 
should be useful in helping the reader in his scientific work. 


Fundamentals of Radar. 2nd Edition, 1954. By Stephen A. 
Knight, F.R.S.A. 160 pp., 113 illustrations. Publishers: Sir 
Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, London, 
W.C.2. Price: 15/-. 

This book, which is a basic survey of the principles underlying 
radar, will be of special interest and value to service personnel and 
students of radar and television. It covers the general background of 
the subject, and deals with the development of the technique from 
the early days of the last war up to the present time. In this second 
edition, parts of the original text have been revised and new material 
has been added, where necessary, to bring the whole into line with 
the more recent developments in radar. Thus, for example, a 
completely new chapter on waveguides has been inserted, and 
further notes have been added on, among other subjects, the cavity 
magnetron, line-type pulsers, and t-r cells. 

No specialised knowledge is required by the reader, who will 
find that the unusual circuit systems associated with pulse generators 
and receivers, ultra-high-frequency oscillators, transmission lines, 
and waveguides are logical developments of ordinary radio en- 
gineering. 


The Empire and Commonwealth Year Book, 1954-5. 
Edited by Ronald S. Russell, M.A., 556 pages. Publishers : 
Newman Neame Limited, 50 Fitzroy Street, London, W.1. Price : 

This invaluable work of reference, compiled from up-to-date 
and authoritative sources, contains a vast amount of essential 
information relating to every country and territory in the British 
Empire and Commonwealth, thus making readily available a great 
deal of material hitherto difficult to obtain. 

Detailed facts and figures are provided on a wide range of sub- 
jects which include, in addition to facts on government, population, 
industry, agriculture, trade, and communications, the geographical 
historical, social, and religious backgrounds of the eighty countries 
covered. Separate sections are devoted to the many official and 
unofficial organisations concerned with Commonwealth affairs, and 
to detailed vital statistics concerning the production and import 
and export of more than ninety raw materials and commodities. 

This volume will undoubtedly prove of great service to govern- 
ment departments, diplomatic missions, reference libraries, and 
research organisations of all kinds. 


Metallurgy of the Non-Ferrous Metals. By W. H. Dennis, 
B.Sc.(Lond.), A.M.I.M.M. 659 pp., 123 illustrations. Publishers : 
Sir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, London, 
W.C.2. Price: 70/-. 

Since the publication in 1930 of the fourth edition of Professor 
Gowland’s textbook, no comprehensive British handbook on the 
metallurgy of the non-ferrous metals has appeared. Hence, it was 
thought that an up-to-date book dealing with the extraction and 
refining of the non-ferrous metals might be acceptable to students, 
metallurgists, metallurgical engineers, and chemists. 

This work, written by a practising metallurgist, serves its 
purpose admirably. It covers non-ferrous metals roughly in order of 
their industrial production, giving first the source, then the opera- 
tions concerned in their extraction from the particular mineral or 
minerals, and finally the refining of the crude metal. In the majority 
of cases, obsolete methods have been omitted, though the author 
has not hesitated to give historical facts when these serve the purpose 
of illustrating the background of modern developments. The line 
diagrams and the clear, simple language used will appeal, not only 
to the student metallurgist and chemist, but also to those non- 
— men who may have occasion to refer to a subject of this 
kind. 


Production Tooling Equipment. By S. A. J. Parsons, B.Sc., 
M.1I.Mech.E., M.I.Prod.E., A.M.I.I.A. 336 pp., 240 illustrations. 
Publishers : Cleaver-Hume Press Ltd., 31 Wright’s Lane, Ken- 
sington, London, W.8. Price: 25/-. 

Planned equally as_a text for Higher National Certificate, 
A.M.I.Mech.E., A.M.I.Prod.E. students, and as a reference book in 
the drawing office and workshop, this well-produced book gives full 
attention to sound principles of design, whilst keeping in view the 
practical aspects and notably the conditions for economic production. 

he book affords excellent coverage of the field of production 
tooling. Of special interest are the sections on the design and 
application of cutting tools, on micro- drilling, broach design, 
hydraulic devices, and the tooling of automatics, including the 
sliding-head type. Furthermore, there is an abundance of clear 
diagrams and five appendices including specimen syllabuses and 
many typical examination questions from varied sources. 
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1. Press-Shop Equipment. A _ neatly presented, loose-leat 
catalogue of over 50 pages describes and illustrates a wide range of 
press-shop equipment, produced by a firm with over twenty-five 
years experience in this field. 

Among other items of equipment listed in this comprehensive 
catalogue are crank presses, roll-feed presses, dial-feed presses, 
toggle presses, gripper-feed presses, universal tool feeds, coil- 
handling equipment, powered straighteners, and special machines. 


2. Armoured Electric Heating Cables. In an_ illustrated 
pamphlet, details are given of a range of flexible, robust, armoured 
electric heating cables, which can be operated under severe con- 
ditions at temperatures of 450° C and 800° C. 

he heater is constructed of a mineral core and is insulated 
according to temperature range. A suitable resistance alloy is 
moulded in wire form beneath the insulation covering, and the 
whole assembly is then enclosed in a braided nickel-alloy sheath. 
Produced for a wide range of industrial heating applications, these 
heaters are ideal in circumstances where a high rate of heat transfer 
is required. They may be applied directly to metal vessels or pipes, 
and may be lagged or close-coiled. Furthermore, they are suitable 
for operation from 12 V to 250 V, a.c. or d.c., with wattage ratings 
up to 60 W per linear foot in the 450°C range, and 100 W per 
linear foot in the 800° C range. 


3. Pattern Miller. Details of a pattern miller with many labour- 
saving capabilities are given in an excellently produced and illus- 
trated 36-page booklet. In addition to its adaptability to the es- 
sential needs of the pattern maker, this machine is unusually 
flexible, permitting it to operate readily and conveniently on either 
geometric or irregular patterns or coreboxes, with complete accuracy 
of mechanical control. 

Although primarily designed for wood patterns and coreboxes, 
the machine will, however, also handle successfully light milling 
and facing operations on metal patterns, to the normal limits of 
accuracy involved in pattern work. 


4. Flooring Systems. A comprehensive range of flooring systems 
is described in a beautifully produced and illustrated 84-page 
manual, which includes details of methods of support and fixing, 
stair and ladder treads, surface reinforcements, decking for road 
bridges, etc. 

In addition, two new products are described. These comprise 
an electrically forge-welded flooring system of exceptional strength, 
and unit-construction platforms which provide storage platforms or 
working floors by dividing the available height, thereby doubling 
effective floor space. 


5. Flexible Conduit. In a well produced and illustrated 4-page 
brochure, details are given of a flexible conduit of unique con- 
struction, comprising layers of continuous metal and paper strip, or 
metal strip only, wound spirally. Despite its extreme pliability, 
however, it remains practically rigid after bending and can be shaped 
to any radius without distorting the bore. 

This conduit, which can be cut with a sharp knife and joined 
easily to standard electrical fittings, inspection and junction boxes, 
etc., is processed on special machines capable of producing infinite 
lengths from 0-5 to 8 in. in diameter. 


6. Flame-Hardening Process. Full details of an interesting 
flame-hardening process with many important advantages are 
contained in a neat, illustrated 36-page booklet. 

These advantages include the following :—There is no scaling ; 
dimensional change is usually negligible; core strength is unim- 
paired; hardening can be the last operation; hardness is easily 
restricted to localised areas ; full surface hardness is obtained with a 
high impact value in the core ; there is a good depth of hardening, 
which can be varied, as required; there is a wide range of steels 
from which to choose ; ; and the process is quick and economical. 


7. Heavy Alloy for Aircraft. The properties and applications of 
a heavy alloy for the aircraft industry are given in a 12-page, illus- 
trated booklet. This alloy is a powder-metallurgy product, containing 
about 90% tungsten alloyed with nickel, copper, and other additives, 
and is reputed to be as strong as steel. 

Development is well advanced on a new series of alloys, with 
densities up to 18 grams/cc and over, approaching the theoretical 
density of tungsten. They can be drilled, tapped, turned, ground, or 
machined. 
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@ HIGH-LUMINOSITY XENON 
ARC LAMP 
‘The light-emissive properties of 
gases and metal vapours have been 
investigated extensively during the 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





last two decades. Their behaviour 
in the electric arc is particularly 
interesting, because this form of gas discharge 
may provide a source of high luminosity, as re- 
quired with optical projection systems. When a 
gas or metal vapour is used as the conductive 
medium in an electric arc, radiation is emitted 
mostly in a line spectrum, so that a colour un- 
balance results. Thus, cerium is too blue and 
mercury and cadmium are too green, while neon 
is too orange-red. Gases and metal vapours at 
very high pressures and heated to very high tem- 
peratures in the arc produce a continuum, in ad- 
dition to the line-spectrum characteristic. Thus, 
mercury vapour at a pressure in excess of 200 atm 
emits in the electric arc an appreciable continuum. 
However, it is not yet possible to use such pres- 
sures in lamps and, even if it were, the additional 
band emission would result in spectral unbalance. 
Xenon gas has the unique property that it has a 
continuum in the visible spectrum, while its line 
spectrum is located in the infrared and is therefore 
invisible. Based upon this fact, xenon arc lamps 
have been developed which give satisfactory per- 
formance for optical and projection applications. 
When used for the projection of colour films, they 
combine brightness with excellent colour ren- 
dition. The arc is designed for high-temperature 
Operation in excess of 6000° K, since a sun-like 
temperature is required to provide the desired 
continuum in the visible spectrum. For this pur- 
pose, the envelope of the xenon lamp is made of 
high-grade fused quartz which can withstand 
1200 K. A peculiarity of the xenon arc lamp is 
that, when operating with alternating current, the 
arc is extinguished each time the electrical cycle 
reverses. 


@ DESTRUCTION OF PARASITES BY 

HIGH-FREQUENCY CURRENT 

It is well known that an enormous amount of 
damage is caused by the attack of parasites upon 
foodstuffs, textiles, and wood. While textiles and 
wood can be protected against such attack by 
chemical means, the protection of foodstuffs calls 
for different methods, one of which consists in 
the application of high-frequency electric current. 
To judge from the claims of the makers of such 
high-frequency sterilisation equipment, this 
method holds considerable promise. A recent 
report by the makers of this equipment relates to 
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the destruction of the flour moths present in flour, 
oats, semolina, etc. These foodstuffs are primarily 
attacked by flour moths which develop during 
storage. Once the foodstuffs have become in- 
fested, stocks have to be periodically controlled 
and freed from the parasites. When, for instance, 
gas is used for this purpose, the maggots, larvae, 
and moths are killed, but the eggs are not des- 
troyed. With the new method the infected flour 
is heated in a dielectric high-frequency field to a 
certain temperature, depending upon the applied 
frequency and the high-frequency voltage. Since 
the parasites and their eggs have a dielectric 
constant and a loss factor, the product of which is 
some 4 to 5 times that of the corresponding value 
for the flour, the temperature of the parasites in 
the dielectric high-frequency field rises much 
more rapidly than that of the flour. When the 
temperatures of the flour has risen by some 
25° C, that of the parasites has attained at least 
100 to 125° C, if the heating speed is made high 
enough. With the equipment designed for this 
purpose, it has been found possible to attain 
such temperatures in less than 10 seconds, and 
this leads to the destruction of all parasites 
present without exception. 


@ SINTERED NYLON PLASTICS 


Sintered nylon is a cold-pressed moulding 
powder, fabricated by techniques similar to those 
used in the powder-metallurgy field. Compared 
with injection-moulded nylon, sintered nylon has 
the distinctive feature that a finished part is stress- 
relieved by the very nature of the process. The 
nylon powder used is a finely divided crystalline 
polyamide powder. Sintered nylon parts are dif- 
ferent from powdered metal parts, since they are 
much lighter, have excellent abrasion and corrosion 
resistance, and offer low friction even without 
lubrication. But in cases where high strength 
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and high impact resistance are required, powdered 
meta! parts are definitely preferable. By applying 
the powdered-metal technique of fabrication to 
the sintering of nylon powder, various fillers up 
to 90", by weight can be added, and this in many 
cases makes it possible to alter considerably the 
basic properties of the nylon. Present-day stan- 
dard formulations of sintered nylon comprise 
unfilled, graphite-filled, and molybdenum disul- 
phide products. In addition to these, special 
compounds can be produced, including resilient 
fillers, metallic fillers such as silver, lead, or copper, 
and abrasive fillers such as diamond dust and 
metallic oxides. Filled formulations have the basic 
abrasion resistance of nylon, combined with such 
added properties as lower coefficient of thermal 
expansion, greater rigidity, and lower coefficient 
of friction against ductile metals. In all cases, 
density of the final product will be dependent 
upon design and manufacturing technique. Par- 
ticularly interesting properties of such compounded 
materials are, for instance, the excellent frictional 
properties of nylon with a molybdenum disulphide 
filler, compared with those of aluminium, and the 
wide variation in electrical resistance which can 
be achieved. 


@ METAL-FATIGUE DETECTION 


All metals are known to exhibit stress and 
strain fatigue, but there are few practical ways of 
ascertaining by observation the presence of fatigue 
in a fatigued component. A recent patent de- 
scribes a non-destructive method which, it is 
claimed, can ascertain the presence of fatigue in 
steel by electronic means. It is based upon the 
principle of eddy-current losses in steel, produced 
when the piece of steel is used as the core in a 
coil. Two dynamometers are used for the purpose 
of determining the eddy-current losses ; the first 
dynamometer indicates the eddy-current variation 
or resistance of the material, while the second is 
used to read voltages in quadrature to the current. 
It is stated that the voltages indicated by the 
second dynamometer are affected by changes in 
stresses present in the specimen and are un- 
affected by changes indicated by the first dynamo- 
meter. In this way the system indicates two 
factors encountered in the fatiguing of steel, these 
being change in hardness and change in internal 
resistance. It has been observed that, in fatigue 
failure, there are several distinct stages, in the 
first of which internal stress increases without 
change in internal resistance. An apparent change 
in hardness is indicated by the out-of-phase dyna- 
mometer, no change being indicated on the 
in-phase dynamometer. Further fatigue results 
in internal resistance, indicating strain. The test 
specimen is fed through a primary and secondary 
coil assembly, the primary coil being excited by 
alternating current supplied to the balanced pri- 
mary windings. When the test specimen is uniform 
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and unfatigued, there is no change in the secondary 
residual voltage, which has been balanced by an 
alternating current; when fatigue is present, 
however, this balance is upset and an indication 
is produced. 


@ ELASTOMERS FOR ELEVATED 

TEMPERATURES 

It is a common shortcoming of elastomers 
that, with few exceptions, they are affected by 
oxidation if the operating temperature is allowed 
to exceed some 300° F. Oxidation, with attendant 
loss in strength and flexibility, is of course a 
common cause of rubber deterioration at elevated 
temperatures. A highly fluorinated acrylic elas- 
tomer recently developed is claimed to represent 
an important advance towards solving this diffi- 
culty. This new type of elastomer is reported to 
resist fuels, lubricants, hydraulic fluids, and other 
solvents at temperatures ranging up to 500 F, 
and to maintain good tensile strength, elongation, 
hardness, and compression after exposure to these 
temperatures. Also, it maintains some flexibility 
down to — 20°F. In order to obtain optimum 
properties, it is necessary to choose the right 
materials for compounding, and at the present 
stage of development the most satisfactory heat- 
resistant compound contains additions to the basic 
material of furnace black, sulphur, and an amine 
vulcanising agent. The ozone resistance of the 
material is also claimed to be excellent. The 
material can be readily processed on conventional 
rubber-working machinery at normal tempera- 
tures. Full physical properties are developed in a 
20-min cure at 300 to 320 F. Successful extru- 
sions of tubing have been made on a conventional 
rubber extruder. After extrusion, the uncured 
tubing was covered with a double layer of stainless- 
steel wire braid in such a manner that the rubber 
was forced through the openings of the inner 
layer. After curing, the elastomer was effectively 
locked into the wire cover. Hose made in this way 
was found to withstand successfully oil under 
pressure at 400° F. 


@ DAMPING OF BORING-BAR VIBRATIONS 


It is well known that the accuracy obtainable 
in precision boring is adversely affected by vi- 
bration of the boring bar. This vibration can be 
self-induced, it can be transmitted from the 
machine on which the boring is carried out, or it 
may be transmitted from other machines. Self- 
induced vibration is the result of cyclic changes in 
load on the tool, these being caused by the breaking 
of the chip. These vibrations may be particularly 
severe in the case of dull tools or of excessive 
overhang of the tool. While vibrations introduced 
from external sources, such as other machine tools 
in the vicinity, can usually be eliminated without 
undue difficulty, the suppression of self-induced 
boring-bar vibrations calls for a considerable 
degree of ingenuity. By means of a relatively 


500 





sim 
tO | 
abl 
ing 
bra 
apt 
An 
bar 
use 
fin 
tur 
nes 
an 








THE AMAZING 
PROPERTIES OF NYLON 


ITS HIGH TENSILE STRENGTH 
ITS RESISTANCE TO FATIGUE 
ITS ELASTICITY 


are incorporated by a special 
weaving technique which 


involves pre-stressing the 











nylon core and locking it by ~ 

A. Cushioned cotton driving face, impregnated to give high 
means of a th in cotton frictional properties, and designed to protect stress-bearing de 
yarns from wear. 
Nylon high-tensile stress-bearing yarns, carrying the load po 
High elasticity cabled cotton binder yarns, interweaving in 
warp and weft and promoting flexibility of solid woven fabric. 
. « Thrown cotton weft providing sufficient lateral rigidity to thi 
properties. ensure true tracking properties of the belt. 


Sd 


envelope of high frictional 


Sole Manufacturers : 


LEWIS & TYLOR LTD - GRIPOLY MILLS - CARDIFF sn 


And at Griffin Mills, Farnworth, Lancs : Terminal House, Grosvenor Gardens, London, S.W.1. 
Power Transmission Engineers 
Makers of the world famous patent GRIPOLY Hair Belting 


GRIPOLATA Rubber and Canvas Ply Belting GRIPOLASTIC Rubber tic 
Impregnated Belting and many other GRIPOLY products 





d JUOW SLIWSNWHL - HJDNOT SLSW1 - HIDNOWLS Si! 






oO ol: 
WER - DOES NOT STRETCH : 


A6é6 PAE VENIGUNEERS” (DIGEST D 











simple expedient it has now been found possible 
to reduce self-introduced vibrations to a remark- 
able degree and to improve surface finish accord- 
ingly. This method consists in inserting a vi- 
bration damper in the boring bar, and is equally 
applicable to both rotating and stationary bars. 
Another important aspect of this method is that 
bars of greater length-to-diameter ratio can be 
used without undue deterioration of the surface 
finish. The damper consists of a slug of high- 
tungsten alloy which floats in a cavity located as 
near the free end of the bar as possible. The cavity 
and the slug must be accurately finished, so that 
the slug will be supported by an air film. The 
reduction of the vibrations is of course caused by 
the inertia effect of the slug. For this reason the 
slug should be made as large in diameter as the 
dimensions of the bar will permit. For example, a 
‘-in. diameter slug would be used in a 1-in. 
diameter bar. The ratio of the slug diameter to 
the length of the slug should be 1:2, it is stated. 
Both the slug and the hole should be ground with 
an air space of 0-003 in. for diametrical, and 0-001 
in. for longitudinal, float. 


GERMANIUM PHOTOCELL 


A small-size germanium photocell has been 
developed and is said to be particularly suitable 
for the control of domestic and industrial heating 
devices. This new “ electric eye ”’ is only slightly 
thicker than a pencil lead and approximately 
: in. in length. It is more sensitive to light than 
vacuum photocells one hundred times larger. The 
acute sensitivity of the germanium photocell to 
infrared radiation is said to make it ideally suitable 
for the control and monitoring of flames and 
heating devices. The unit, which is still in the 
development stage, has a comparatively large 
power output, and this should make it most useful 
in many industrial applications. It is claimed that 
this high power output makes the cell suitable for 
operating relays directly, for controlling produc- 
tion processes of different kinds. It goes without 
saying that the large power output of the new cell 
should prove a considerable advantage over the 
small power output of selenium and vacuum 
cells, which must be amplified before such cells 
can operate the average type of relay used in 
industrial controls. It is further reported that the 
new cell could also serve as a satisfactory sub- 
stitute for a Geiger counter and similar atomic 
radiation detection devices. When nuclear par- 
ticles penetrate the germanium wafer contained 
in the cell, an electric current is produced. This 
current, when slightly amplified, can be used to 
Operate optical or acoustic devices. The new 
photocell is said to be extremely simple in design ; 
it consists of a metal cartridge which houses a 
glass lens and a germanium wafer in contact with a 
metallic button of indium. A whisker connects 
the wafer to an outside lead. 
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@ NATURAL RUBBER IN DEPOLYMERISED 

FORM 

It has been found that, by treating natural 
crude rubber by a thermo-chemical process, 
natural depolymerised rubber in stable liquid form 
can be produced. It should be noted that this 
product is not a solvent solution nor is it a latex, 
no solvent or water being present. This 100°, 
rubber hydrocarbon can be produced in various 
viscosities, ranging from 18,000 to 100,000 centi- 
poises at 150 F. By raising the temperature to 
250 F, the corresponding viscosities are 3000 and 
18,000 centipoises, respectively. The viscosity is 
basically a function of the molecular weight of the 
depolymerised rubber ; in other words, the ratio 
of rubber of high molecular weight to rubber of 
low molecular weight determines the final vis- 
cosity. As the chemical degradation of the rubber 
molecule can be controlied in the novel manu- 
facturing process by which the depolymerised 
rubber is produced, any viscosity within the above 
range can be obtained. Since the new product is 
a modified form of natural rubber, its specific 
gravity equals that of the natural product. In 
contrast with the natural product, synthetic rub- 
bers apparently cannot be depolymerised ;_ they 
seem to cross-link and do not become plastic, or 
else they break down and cannot be cured again 
to the solid state. Depolymerised rubber offers 
great promise as a moisture sealant and insulating 
material. As it is capable of being formed without 
the application of pressure, it is suitable for em- 
bedding delicate electronic parts. Semiconductive 
depolymerised rubber finds important applications 
in electric cable construction to supplement metal- 
lic shielding. In this connection, it is worthy of 
note that it is possible to produce much more 
highly conductive stocks from the depolymerised 
material than from the natural rubber. 


@ IMPROVED ATOMIC BATTERY 


The development has been announced of an 
atomic battery which incorporates a special con- 
trol element. The addition of this element, which 
is a third electrode, makes it possible to vary the 
output of the atomic battery at will. It is reported 
that, for the time being, the control element is 
employed only in connection with gas-filled 
batteries, but that it can also be incorporated in 
semiconductor-type atomic batteries, with an at- 
tendant increase in efficiency. The three-electrode 
battery is powered by small quantities of a long- 
life radioactive isotope, strontium-90, which is a 
waste product of atomic reactors. At present, the 
cost of this isotope is considerable, but it is ex- 
pected that, with the increase in the use of atomic 
energy for peace-time purposes, it will become 
available at a much lower price. Results to-date 
are reported to indicate the feasibility of making 
small-sized, self-contained, self-powered ampli- 
fying units which will take the place of both 
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batteries and vacuum tubes in electronic equip- 
ment. Another promising development appears 
to be the construction of a variable-current atomic 
battery to be used in industrial instruments. This 
new atomic battery, which will be placed on the 
market in the very near future, measures only 

i in. in diameter and 3 in. in length. It has been 
designed mainly as a source of voltage and current 
which will remain constant for many years. It is 
claimed that instruments using atomic batteries 
will prove useful not only in their application to 
industrial process control and measurement, but 
also in the communications field. In particular, it 
would appear that the application of such batteries 
to submarine telephone cables should prove 
exceedingly useful. 


@ SELF-LOCKING RETAINING RING 

A new radially applied retaining ring is being 
produced which can be locked positively in its 
groove and which can be used as a shoulder against 
rotating parts. This ring, which is mainly intended 
for use in the automotive, aeronautical, and elec- 
tronic industries, is made of spring steel and is 
shaped like a bowed horseshoe. When fastened to 
a shaft it is locked in its groove by two prongs 
extending from the inner circumference of the 
open end. The ring is manufactured in sizes to 
accommodate shafts not exceeding half an inch in 
diameter, but larger sizes can be made for special 
applications. Because the ring is applied radially 
and may be seated in a deep groove, it is claimed 
to provide sufficient strength to absorb fairly high 
thrust loads. For rings to be used on }-inch 
shafts, a shear strength of 2500 psi is claimed. 
The ring is made of bowed construction so that it 
can take up end-play in an assembly and can thus 
make the tolerance required for the part to be 
fastened less critical. It has been designed to be 
mounted on a shaft without the use of any special 
tools, and is simply pushed into place, whereupon 
it locks itself. Removal of the ring for the purpose 
of dismantling is said to be equally easy. 


@ IMPROVED CHROMISING PROCESS 


Several chromising processes have been de- 
veloped in recent years, but their anticipated 
large-scale use in industry has not yet taken place. 
The basic principle of all chromising processes is 
the introduction of chromium by diffusion into 
the surface of the material in which a chromium- 
rich layer is to be produced, in order to enhance 
the corrosion resistance of the surface. There are 
various ways in which the chromium can be 
offered to the surface into which it is to be diffused, 
but one common characteristic of all these pro- 
cesses is the employment of high temperatures, 
usually in the neighbourhood of 1000°C. A 
typical process of this kind consists of placing the 
ferrous article to be chromised in a container in 
which is also placed—out of contact with the 


DECEMBER, 1954 Volume 15, No. 12 


article to be chromised—a porous ceramic ma- 
terial impregnated with a halide of chromium, 
such as chromous chloride. By heating the 
container and its contents under reduced pressure 
conditions to a temperature in excess of 950° C, 
gaseous chromous chloride is generated from the 
porous ceramic material and this reacts with the 
ferrous material so that an interchange between 
the chromium atoms and the iron atoms takes 
place. Since the container is sealed, in order to 
allow the reaction to take place under the reduced 
pressure, the concentration of gaseous ferrous 
chloride increases, with the result that normally 
there would be a marked tendency for the reaction 
to stop. It is claimed that under such conditions 
the chromium coating produced would be very 
thin. In a patent of recent date it is therefore 
proposed to include in the container a mass of 
chromium, or of ferro-chromium of high chromium 
content. This will then cause the gaseous ferrous 
chloride to react with the chromium, thus pro- 
ducing gaseous chromium chloride to intensify 
the chromising process. 


@ ELECTROSTATIC LOUDSPEAKER DESIGN 


The use of an electrostatic loudspeaker for 
the purpose of reproducing only the higher audio 
frequencies is not new. The features of a new 
type designed to provide a better distribution of 
the higher frequencies will be of considerable 
interest, especially as this type also has a relatively 
uniform response throughout its range and a low 
degree of distortion. Early models of electro- 
static speakers were characterised by two major 
disadvantages, namely, (a) sufficient movement 
to reproduce the full audible-frequency range at 
any reasonable power level could not be attained 
without high driving power and a high polarising 
potential, and (b) the physical properties of 
available dielectric materials were such that voltage 
breakdown was a common occurrence. The first 
difficulty has been solved by confining the opera- 
tion of the capacitor speaker to the approximate 
range of 7000 to 15,000 cps. This keeps the energy 
content of the signals fed to the speaker at a low 
level and thus eliminates the need for a large 
movement of the diaphragm. The second prob- 
lem, i.e., the danger of voltage breakdown, has 
been minimised by using a low polarising poten- 
tial and a polyethylene or similar dielectric with 
a breakdown limit some four times the polarising 
voltage. The actual speaker consists of a stiff, 
curved, perforated copper-backed plate in a plastic 
housing, with a gold-sprayed insulated foil tightly 
stretched over it. The copper plate serves as one 
electrode and the gold film serves as the other, 
the electrode and the insulating foil forming a 
capacitor of approximately 40004 F. The acous- 
tic action of this assembly results from the forces 
established in the dielectric due to the variation 
of potential between the electrodes. 
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